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General information

Proton ('"H NMR) nuclear magnetic resonance spectra were recorded at 500 or 600 MHz respectively.
Carbon (*C NMR) nuclear magnetic resonance spectra were recorded at 126 or 151 MHz
respectively. Fluorine ('’F NMR) nuclear magnetic resonance spectra were recorded at 471 MHz
respectively. The chemical shifts are given in parts per million (ppm) on the delta (8) scale. The
solvent peak was used as a reference value, for 'H NMR: CDCl; = 7.26 ppm, (CD3),SO = 2.50 ppm,
CD;0D = 3.31 ppm, C¢Dg = 7.16 ppm; for *C NMR: CDCl; = 77.23 ppm, (CD;),SO = 39.51 ppm,
CDs;0D = 49.0 ppm, C¢Dg¢ = 128.06 ppm. Analytical TLC was performed on precoated silica gel
GF254 plates. Column chromatography was carried out on silica gel (200300 mesh). HRMS were
carried out on an Orbitrap analyzer. UV spectra were obtained with an Agilent 8453E UV-Visible
spectroscopy system. CD spectra were obtained on a Chirascan spectropolarimeter. Optical rotations
were measured using a 2.5mL cell with a 10 cm path length on Hanon P850 Automatic Polarimeter
and concentrations (c) were reported in gx(100 mL)". Enantiometric excesses were determined by
HPLC using a Daicel Chiralpak and Chiralcel column with hexane/i-PrOH as the eluent on Dionex

instrument.
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Substrate Preparation
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Procedure I for preparation of substrate 1 or 10t'%

To a solution of terminal alkyne S2 (6.3 mmol, 2.1 equiv) in anhydrous THF at -78 °C under N, was
added "BuLi (6 mmol, 2.4 mL, 2.5 M in hexane, 2.0 equiv) dropwise. The reaction was stirred at the
same temperature for 1 h. Then a solution of the corresponding ketone S1 (3 mmol, 1.0 equiv) in
anhydrous THF (5 mL) was added to the mixture dropwise. The reaction was stirred at -78 °C for 15
min and then it was warmed up to room temperature slowly and stirred overnight. Upon completion,
the mixture was quenched dropwise by a saturated aqueous NH4ClI solution (5 mL). The organic
layer was extracted with ethyl acetate (3%x15 mL) and the combined organic layers were washed with
saturated aqueous NaCl solution, dried over anhydrous MgSQy, filtered and removed under vacuum.
Then the residue was dissolved in anhydrous CH,Cl, (15 mL) at -20 °C and Et;SiH (12 mmol, 4.0
equiv) and BF3-Et,O (7.5 mmol, 2.5 equiv) were added to the solution. The reaction was stirred at
the same temperature and monitored by TLC until the complete conversion. Then the reaction was
quenched by saturated aqueous NaHCOj; solution (10 mL). The organic layer was extracted with
CH,Cl; (3%x15 mL) and the combined organic layers were washed with saturated aqueous NaCl
solution, dried over anhydrous MgSQ,, filtered and removed under vacuum. The residue was
purified by a column chromatography on silica gel using ethyl acetate/petroleum ether as eluent to
give the desired product 1 or 10.

Procedure II for preparation of substrate 50341
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To a solution of aromatic aldehyde S3 (2.0 mmol, 1.0 equiv) in anhydrous THF at 0 °C under N, was
added TMSCF;3 (2.4 mmol, 1.2 equiv) and TBAF (2.4 mmol, 2.4 mL, 1.0 mol/L in THF, 1.2 equiv)
dropwise. Then the reaction was warmed to room temperature and monitored by TLC until the
complete conversion. Then the mixture was quenched dropwise by a saturated aqueous NH4Cl
solution (5 mL). The organic layer was extracted with ethyl acetate (3x15 mL) and the combined
organic layers were washed with saturated aqueous NaCl solution, dried over anhydrous MgSOs.,
filtered and removed under vacuum. The residue was purified by a column chromatography on silica
gel using ethyl acetate/petroleum ether as eluent to give the desired product S4. Then the product S4
was dissolved in HFIP (5 mL) and TfOH (0.05 equiv) and PhOH (3.0 equiv) were added to the
solution. The mixture was heated to reflux and monitored by TLC until the complete conversion.
Then the reaction was quenched by saturated aqueous NaHCOj solution (10 mL). The organic layer
was extracted with CH,Cl, (3x15 mL) and the combined organic layers were washed with saturated
aqueous NaCl solution, dried over anhydrous MgSQO,, filtered and removed under vacuum. The
residue was purified by a column chromatography on silica gel using ethyl acetate/petroleum ether as

eluent to give the desired product 5.

CF3

s
HO @

4-(1,1,1-Trifluoro-4-phenylbut-3-yn-2-yl)phenol (1a)

"H NMR (500 MHz, CDCl3) & 7.52 (d, J= 7.4 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 7.39 — 7.32 (m, 3H),
6.88 (d, J = 8.4 Hz, 2H), 5.41 (brs, 1H), 4.52 (q, J = 8.0 Hz, 1H); *C NMR (126 MHz, CDCl;) &
156.2, 132.1, 131.0, 129.0, 128.6, 124.6 (q, J = 280.4 Hz), 124.4, 122.4, 115.8, 85.8, 82.1 (q, J = 3.2
Hz), 43.5 (q, J = 31.6 Hz); "’F NMR (471 MHz, CDCl5)  -70.8; HRMS (ESI) m/z calculated for
C16H10F30 [M - H] 275.0689, found 275.0679.

CF;
S
HO O
OMe

4-(1,1,1-Trifluoro-4-(4-methoxyphenyl)but-3-yn-2-yl)phenol (1b)
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'"H NMR (500 MHz, CDCL3) & 7.46 — 7.38 (m, 4H), 6.88 — 6.82 (m, 4H), 4.48 (q, J = 8.0 Hz, 1H),
3.82 (s, 3H); °C NMR (126 MHz, CDCl3) § 160.1, 156.2, 133.6, 131.0, 124.6 (q, J = 280.4 Hz),
124.6, 115.7, 114.5, 114.2, 85.6, 80.6 (q, J = 3.3 Hz), 55.5, 43.5 (q, J = 31.5 Hz); "°F NMR (471
MHz, CDCly) & -70.9; HRMS (ESI) m/z calculated for C,7H»F30, [M - H] 305.0795, found
305.0803.

CF;
S
o »

4-(1,1,1-Trifluoro-4-(p-tolyl) but-3-yn-2-yl)phenol (1c)
"H NMR (500 MHz, CDCl3) 6 7.46 — 7.36 (m, 4H), 7.15 (d, J= 7.9 Hz, 2H), 6.87 (d, J = 8.5 Hz, 2H),

Me

5.11 (brs, 1H), 4.50 (q, J = 8.0 Hz, 1H), 2.37 (s, 3H); °C NMR (126 MHz, CDCl3) & 156.2, 139.2,
132.0, 131.0, 129.3, 124.6 (q, J = 280.4 Hz), 124.5, 119.3, 115.8, 85.9, 81.3 (q, J = 3.3 Hz), 43.5 (q,
J=31.5Hz), 21.7; ’F NMR (471 MHz, CDCl5) § -70.8; HRMS (ESI) m/z calculated for C;7H;,F50
[M - H] 289.0846, found 289.0843.

CF;
S
HO O
Cl

4-(4-(4-Chlorophenyl)-1,1,1-trifluorobut-3-yn-2-yl)phenol (1d)
"H NMR (500 MHz, CDCls) 6 7.44 — 7.38 (m, 4H), 7.31 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H),

5.33 (brs, 1H), 4.49 (q, J = 8.0 Hz, 1H); *C NMR (126 MHz, CDCl3) & 156.3, 135.1, 133.3, 130.9,
128.9, 124.5 (q, J = 280.4 Hz), 124.1, 120.8, 115.9, 84.6, 83.1 (q, J = 3.3 Hz), 43.5 (q, J = 31.6 Hz);
F NMR (471 MHz, CDCl;) & -70.8; HRMS (ESI) m/z calculated for CiHoCIF;O [M - HJ
309.0300, found 309.0291.

CF,
(J
Ho @
F
4-(1,1,1-Trifluoro-4-(4-fluorophenyl)but-3-yn-2-yl)phenol (1e)
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'"H NMR (500 MHz, CDCl3) & 7.53 — 7.44 (m, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.09 — 6.98 (m, 2H),
6.87 (d, J = 8.4 Hz, 2H), 5.05 (brs, 1H), 4.48 (q, J = 8.0 Hz, 1H); °C NMR (126 MHz, CDCl3) &
163.0 (d, J=250.1 Hz), 156.3, 134.1 (d, J = 8.5 Hz), 130.9, 124.5 (q, J = 280.4 Hz), 124.2, 118.4 (d,
J=3.5Hz), 115.9 (d, J=22.1 Hz), 115.8, 84.7, 81.8 (q, J = 1.7 Hz), 43.5 (q, J = 31.6 Hz); '°F NMR
(471 MHz, CDCL3) & -70.8, -110.1; HRMS (ESI) m/z calculated for C1¢HoF4O [M - H] 293.0595,

found 293.0587.
CF,

O \\ OMe
o2

4-(1,1,1-Trifluoro-4-(3-methoxyphenyl)but-3-yn-2-yl)phenol (1f)

'H NMR (500 MHz, CDCl3) 8 7.38 (d, J = 8.3 Hz, 2H), 7.24 — 7.18 (m, 1H), 7.09 — 7.04 (m, 1H),
7.01 —6.98 (m, 1H), 6.91 — 6.87 (m, 1H), 6.83 (d, J= 8.6 Hz, 2H), 5.26 (brs, 1H), 4.46 (q, /= 8.0 Hz,
1H), 3.78 (s, 3H); °C NMR (126 MHz, CDCl3) & 159.4, 156.2, 131.0, 129.7, 124.7, 124.6 (q, J =
280.4 Hz), 124.3, 123.4, 116.9, 115.8, 115.6, 85.6, 81.9 (q, J = 3.3 Hz), 55.6, 43.5 (q, J = 31.6 Hz);
F NMR (471 MHz, CDCls) & -70.7; HRMS (ESI) m/z calculated for C,7H,F;0, [M - H] 305.0795,
found 305.0788.

CF,
OMe
(s
HO @

4-(1,1,1-Trifluoro-4-(2-methoxyphenyl)but-3-yn-2-yl)phenol (1g)

'H NMR (500 MHz, CDCl3) & 7.49 — 7.42 (m, 3H), 7.35 — 7.30 (m, 1H), 6.96 — 6.90 (m, 1H), 6.89 (d,
J=8.4 Hz, 1H), 6.84 (d, J = 8.7 Hz, 2H), 5.08 (brs, 1H), 4.54 (q, J = 8.0 Hz, 1H), 3.88 (s, 3H); "°C
NMR (126 MHz, CDCls) & 160.7, 156.2, 134.0, 131.1, 130.4, 124.6 (q, J = 280.5 Hz), 124.5, 120.7,
115.7, 111.7, 111.1, 86.1 (q, J = 3.4 Hz), 82.2, 56.1, 43.7 (q, J = 31.4 Hz); ’F NMR (471 MHz,
CDCls) ¢ -70.8; HRMS (ESI) m/z calculated for C;7H;,F30, [M - H] 305.0795, found 305.0797.

CF3

s
o e

4-(1,1,1-Trifluoro-4-(naphthalen-2-yl)but-3-yn-2-yl)phenol (1h)
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'H NMR (500 MHz, CDCls) & 8.04 (s, 1H), 7.85 — 7.78 (m, 3H), 7.56 — 7.49 (m, 3H), 7.47 (d, J =
8.5 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 5.21 (brs, 1H), 4.56 (q, J = 8.0 Hz, 1H); °*C NMR (126 MHz,
CDCl3) 6 156.3, 133.2, 133.1, 132.2, 131.0, 128.6, 128.3, 128.0, 128.0, 127.1, 126.9, 124.6 (q, J =
280.5 Hz), 124.3, 119.6, 115.8, 86.1, 82.3 (q, J = 3.3 Hz), 43.6 (q, J= 31.5 Hz); ’F NMR (471 MHz,
CDCls) 6 -70.7; HRMS (ESI) m/z calculated for C,0H;,F5;0 [M - H] 325.0846, found 325.0843.

CF,
AN _
HO S

4-(1,1,1-Trifluoro-4-(thiophen-3-yl)but-3-yn-2-yl)phenol (1i)

"H NMR (500 MHz, DMSO-dg) & 9.66 (brs, 1H), 7.93 — 7.85 (m, 1H), 7.65 — 7.59 (m, 1H), 7.35 (d, J
= 8.5 Hz, 2H), 7.24 — 7.19 (m, 1H), 6.82 (d, J= 8.6 Hz, 2H), 5.21 (q, J= 8.7 Hz, 1H); >C NMR (126
MHz, DMSO-ds) 6 157.9, 130.7, 130.4, 129.6, 127.0, 124.8 (q, J = 280.0 Hz), 121.7, 120.2, 115.5,
82.2 (q, J = 3.1 Hz), 80.0, 41.3 (q, J = 30.5 Hz); "’F NMR (471 MHz, Acetone-dg) & -71.4; HRMS
(ESI) m/z calculated for C14HgF3;OS [M - H]" 281.0253, found 281.0248.

CF;

MeO
% Ph
HO

OMe
2,6-Dimethoxy-4-(1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)phenol (1j)
'H NMR (500 MHz, CD;0D) & 7.49 — 7.44 (m, 2H), 7.39 — 7.32 (m, 3H), 6.84 (s, 2H), 4.85 (brs,
1H), 4.79 (g, J = 8.2 Hz, 1H), 3.86 (s, 6H); °C NMR (126 MHz, CD;OD) & 149.2, 137.4, 132.7,
129.9, 129.6, 126.1 (q, J = 279.5 Hz),123.8, 123.5, 107.9, 86.3, 83.3 (q, / = 3.4 Hz), 56.9,44.3 (q, J
=31.3 Hz); ’F NMR (471 MHz, CD;0D) & -72.1; HRMS (ESI) m/z calculated for C1sH4F303 [M -
H] 335.0901, found 335.0908.

CF;

Me
% Ph
HO

Me

2,6-Dimethyl-4-(1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)phenol (1k)
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'"H NMR (500 MHz, CDCls) & 7.54 — 7.47 (m, 2H), 7.38 — 7.31 (m, 3H), 7.15 (s, 2H), 4.70 (brs, 1H),
443 (q, J = 8.1 Hz, 1H), 2.28 (s, 6H); '*C NMR (126 MHz, CDCl3) § 152.9, 132.1, 129.7, 128.9,
128.5, 126.9 (q, J = 280.7 Hz), 123.5, 122.6, 85.5, 82.4 (q, J = 3.1 Hz), 43.6 (q, J = 31.4 Hz), 16.1;
'F NMR (471 MHz, CDCls)  -70.7; HRMS (ESI) m/z calculated for C;5H;4F30 [M - H] 303.1002,
found 303.0998.

CF;

Me
A

HO CaHo

Me
2,6-Dimethyl-4-(1,1,1-trifluorooct-3-yn-2-yl)phenol (11)
"H NMR (500 MHz, CDCl5) & 7.08 (s, 2H), 4.69 (brs, 1H), 4.18 (qt, J = 8.2, 2.2 Hz, 1H), 2.30 — 2.24
(m, 8H), 1.59 — 1.52 (m, 2H), 1.50 — 1.42 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H); °C NMR (126 MHz,
CDCl3) § 152.7, 129.6, 124.9 (q, J = 280.1 Hz), 124.2, 123.3, 86.2, 73.2 (q, J = 3.2 Hz), 43.0 (g, J =
31.1 Hz), 30.8, 22.1, 18.6, 16.1, 13.8; ’F NMR (471 MHz, CDCl;) & -71.1;HRMS (ESI) m/z
calculated for C;cH;gF50 [M - H] 283.1315, found 283.1321.

CF;

Me
A

HO CGH13

Me
2,6-Dimethyl-4-(1,1,1-trifluorodec-3-yn-2-yl)phenol (1m)
'H NMR (500 MHz, CDCl3) & 7.07 (s, 2H), 4.68 (brs, 1H), 4.17 (qt,J=8.2,2.2 Hz, 1H), 2.27 - 2.24
(m, 8H), 1.58 — 1.51 (m, 2H), 1.45 — 1.38 (m, 2H), 1.33 — 1.26 (m, 4H), 0.89 (t, J= 7.0 Hz, 3H); "°C
NMR (126 MHz, CDCls) 6 152.7, 129.6, 124.9 (q, J = 280.1 Hz), 124.2, 123.3, 86.3, 73.2 (q, J=3.5
Hz), 43.0 (q, J = 30.9 Hz), 31.5, 28.7, 28.7, 22.8, 18.9, 16.1, 14.2; "’F NMR (471 MHz, CDCl;) &
-71.2; HRMS (ESI) m/z calculated for C;gH,,F30 [M - H] 311.1628, found 311.1620.

CF;
Me
A OH
HO
Me
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2,6-Dimethyl-4-(1,1,1-trifluoro-9-hydroxynon-3-yn-2-yl)phenol (1n)
"H NMR (500 MHz, CDCl3) & 7.06 (s, 2H), 4.20 — 4.12 (m, 1H), 3.66 (t, J = 6.5 Hz, 2H), 2.30 — 2.23
(m, 8H), 1.63 — 1.55 (m, 4H), 1.52 — 1.47 (m, 2H); °C NMR (126 MHz, CDCl;) & 152.6, 129.4,
124.7 (q, J = 280.2 Hz), 123.8, 123.3, 85.7, 73.3 (q, J = 3.8 Hz), 62.9, 42.7 (q, J = 31.2 Hz), 32.2,
28.2, 24.9, 18.7, 16.0; "’F NMR (471 MHz, CDCls) & -71.1; HRMS (ESI) m/z calculated for
C17Hy0F30, [M - H] 313.1421, found 313.1423.
CF;
Me
X _cl
HO
Me
4-(5-Chloro-1,1,1-trifluoropent-3-yn-2-yl)-2,6-dimethylphenol (10)
"H NMR (500 MHz, CDCl;) & 7.04 (s, 2H), 4.28 — 4.23 (m, 1H), 4.21 (d, J = 2.1 Hz, 2H), 2.26 (s,
6H); *C NMR (126 MHz, CDCls) & 153.0, 129.6, 124.4 (q, J = 280.4 Hz), 123.6, 122.7, 80.3, 79.8
(q, J=3.0 Hz), 43.0 (q, J = 31.6 Hz), 30.4, 16.1; ’F NMR (471 MHz, CDCl5) & -70.4; HRMS (ESI)

m/z calculated for C,3H;;CIF;0 [M - H] 275.0456, found 275.0449.

CF;

Me
% TBS
HO

Me
4-(4-(Tert-butyldimethylsilyl)-1,1,1-trifluorobut-3-yn-2-yl)-2,6-dimethylphenol (1p)
'H NMR (500 MHz, CDCl3) & 7.09 (s, 2H), 4.70 (brs, 1H), 4.23 (q, J = 8.1 Hz, 1H), 2.26 (s, 6H),
0.98 (s, 9H), 0.15 (s, 3H), 0.15 (s, 3H); °C NMR (126 MHz, CDCl;) 6 152.8, 129.8, 124.5 (q, J =
280.4 Hz),123.4, 123.3, 99.0 (q, J = 3.1 Hz),89.5, 43.8 (q, J = 31.2 Hz), 26.2, 16.9, 16.1, -4.6; °F
NMR (471 MHz, CDCl;) 6 -70.9; HRMS (ESI) m/z calculated for C;gH,4F30Si [M - H]'341.1554,
found 341.1568.

CF;

L0

4-(2,2,2-Trifluoro-1-phenylethyl)phenol (5a)
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'"H NMR (600 MHz, CDCL3) § 7.41 — 7.28 (m, 5H), 7.24 (d, J = 8.3 Hz, 2H), 6.81 (d, J = 8.6 Hz, 2H),
4.63 (q,J = 10.0 Hz, 1H); *C NMR (151 MHz, CDCl;) & 155.3, 135.8 (q, /= 1.0 Hz), 130.7, 129.2,
128.9, 128.0, 128.0 (q, J = 1.4 Hz), 126.4 (q, J = 280.4 Hz, 2H), 115.8, 54.9 (q, J = 27.5 Hz); "°F
NMR (471 MHz, CDCls) & -66.1; HRMS (ESI) m/z calculated for Ci4H,oF30 [M - H] 251.0689,
found 251.0694.

CF;
HO I I OMe

4-(2,2,2-Trifluoro-1-(4-methoxyphenyl)ethyl)phenol (5b)

'H NMR (500 MHz, CD;0D) & 7.27 (d, J = 8.7 Hz, 2H), 7.19 (d, J = 8.5 Hz, 2H), 6.85 (d, J = 8.8 Hz,
2H), 6.76 (d, J = 8.7 Hz, 2H), 4.67 (q, J = 10.4 Hz, 1H), 3.72 (s, 3H); °C NMR (126 MHz, CD;0D)
8 160.6, 158.1, 131.2, 131.2, 129.5, 128.1, 128.1 (q, J = 279.5 Hz), 116.3, 114.9, 55.6, 54.8 (q, J =
27.4 Hz); F NMR (471 MHz, CD;0D) & -67.8; HRMS (ESI) m/z calculated for C;sH;,F30, [M -
H] 281.0795, found 281.0803.

CF,
HOMe

4-(2,2,2-Trifluoro-1-(p-tolyl)ethyl)phenol (5¢)

'H NMR (500 MHz, CDCl3) & 7.30 — 7.24 (m, 4H), 7.19 (d, J = 7.9 Hz, 2H), 6.82 (d, J = 8.6 Hz,
2H),5.19 (brs, 1H),4.61 (q, J = 10.0 Hz, 1H), 2.36 (s, 3H); °C NMR (126 MHz, CDCl;) § 155.2,
137.8, 132.9, 130.6, 129.6, 129.0, 128.2 (q, J = 1.5 Hz), 126.5 (q, J = 280.4 Hz), 115.7, 54.6 (q, J =
27.5 Hz), 21.2; F NMR (471 MHz, CDCl3) § -66.2; HRMS (ESI) m/z calculated for C;sH,F;0 [M
- H] 265.0846, found 265.0839.

CFq
HOCI

4-(1-(4-Chlorophenyl)-2,2,2-trifluoroethyl)phenol (5d)
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'H NMR (500 MHz, CDCl3)  7.34 — 7.27 (m, 4H), 7.20 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H),
5.08 (brs, 1H), 4.60 (q, J = 9.8 Hz, 1H); '*C NMR (126 MHz, CDCls) & 155.6, 134.4, 134.1, 130.6,
130.6, 129.1, 127.4, 126.2 (q, J = 280.4 Hz), 115.9, 54.3 (q, J = 27.8 Hz); ’F NMR (471 MHz,
CDCl3) 6 -66.3; HRMS (ESI) m/z calculated for C,4HoCIF50 [M - H] 285.0300, found 285.0306.

CF,
OMe
HO

4-(2,2,2-Trifluoro-1-(3-methoxyphenyl)ethyl)phenol (5e)

'H NMR (500 MHz, CDCl3) § 7.28 — 7.23 (m, 1H), 7.21 (d, J = 8.6 Hz, 2H), 6.96 (d, J = 7.7 Hz, 1H),
6.91 (s, 1H), 6.86 — 6.82 (m, 1H), 6.76 (d, J = 8.7 Hz, 2H), 5.53 (brs, 1H), 4.57 (q, J = 9.9 Hz, 1H),
3.77 (s, 3H); °C NMR (126 MHz, CDCl3) & 159.8, 155.4, 137.3, 130.6, 129.9, 127.8, 126.4 (q, J =
280.5 Hz), 121.7, 115.8, 115.5, 113.1, 55.5, 54.9 (q, J = 27.6 Hz); ’F NMR (471 MHz, CDCl;) &
-66.0; HRMS (ESI) m/z calculated for C;sH,F30;, [M - H] 281.0795, found 281.0799.

CF,
Me
BOAS

Me
2,6-Dimethyl-4-(2,2,2-trifluoro-1-phenylethyl)phenol (5f)
"H NMR (600 MHz, CDCl3) 8 7.42 — 7.34 (m, 4H), 7.34 — 7.30 (m, 1H), 7.00 (s, 2H), 4.65 (brs, 1H),
4.57 (q, J=10.1 Hz, 1H), 2.24 (s, 6H); >*C NMR (126 MHz, CDCl5) & 152.1, 136.1 (q, J = 1.2 Hz),
129.5, 129.2, 128.9, 127.9, 127.2 (q, J = 1.3 Hz), 126.6 (q, J = 280.5 Hz), 123.5, 55.1 (q, J = 27.4
Hz), 16.2; "F NMR (471 MHz, CDCl5) § -66.0; HRMS (ESI) m/z calculated for C;¢H4F50 [M - H]
279.1002, found 279.0993.

CF,Cl

N Ph
HO

4-(1-Chloro-1,1-difluoro-4-phenylbut-3-yn-2-yl)phenol (10a)
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'"H NMR (500 MHz, CD;0D) § 7.51 — 7.42 (m, 2H), 7.38 (d, 2H), 7.35 — 7.26 (m, 3H), 6.85 — 6.81
(m, 2H), 4.84 — 4.73 (m, 1H); °*C NMR (126 MHz, CD;0OD) & 159.1, 132.6, 132.1, 130.2 (t, J =
295.0 Hz), 129.8, 129.5, 124.8, 123.6, 116.2, 86.7, 84.4 (t, J = 4.5 Hz), 50.4 (t, J = 27.2 Hz); "°F
NMR (471 MHz, CD;0D) & -51.64 — -54.25 (m, 2F); HRMS (ESI) m/z calculated for C;H;oCIF,0
[M - H] 291.0394, found 291.0399.

CF,CF;

O N
Ho @
OMe

4-(4,4,5,5,5-Pentafluoro-1-(4-methoxyphenyl)pent-1-yn-3-yl)phenol (10b)

'H NMR (500 MHz, CD;0D) & 7.38 — 7.31 (m, 4H), 6.89 — 6.86 (m, 2H), 6.82 (d, J = 8.6 Hz, 2H),
4.75 — 4.65 (m, 1H), 3.77 (s, 3H); *C NMR (126 MHz, CD;0D) & 161.5, 159.2, 134.1, 132.0, 123.5,
1254 -116.1 (m), 116.4, 115.5, 115.1, 86.8, 81.3 (dd, J= 9.3, 2.5 Hz),55.8, 41.6 (dd, J = 26.6, 22.4
Hz); F NMR (471 MHz, CD;0D) & -82.3 — -82.5 (m, 3F), -115.7 — -122.6 (m, 2F); HRMS (ESI)
m/z calculated for C1gH,F50, [M - H] 355.0763, found 355.0755.

CF,CF,CF;

O N

Ho @
OMe

4-(4,4,5,5,6,6,6-Heptafluoro-1-(4-methoxyphenyl)hex-1-yn-3-yl)phenol (10c)
'H NMR (500 MHz, CDCls) & 7.44 — 7.39 (m, 4H), 6.89 — 6.85 (m, 4H), 5.48 (brs, 1H), 4.61 — 4.52
(m, 1H), 3.82 (s, 3H); >C NMR (126 MHz, CDCls) § 160.1, 156.3, 133.5, 131.6, 123.8, 115.7, 114.6,
121.99 — 106.96 (m), 114.2, 86.3, 80.3 (d, J = 9.8 Hz), 55.5, 41.1 (dd, J = 27.7, 22.6 Hz), F NMR
(471 MHz, CDCls) & -80.6 —-80.7 (m, 3F), -111.5 —-112.3 (m, 1F), -116.5 —-117.3 (m,1F), -122.6 —
-125.3 (m, 2F); HRMS (ESI) m/z calculated for C19H,F;0, [M - H] 405.0731, found 405.0744.
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General procedure

General procedure for asymmetric CDC of racemic p-hydroxybenzyl CF; moieties with
heteroarenes

A mixture of 1 or 5 (0.1 mmol, 1.0 equiv), activated MnO, (0.3 mmol, 3.0 equiv), and DDQ (0.025
mmol, 0.25 equiv) in anhydrous CH,Cl, (1.0 mL) was stirred at 60 °C in a sealed tube and monitored
by TLC. Upon starting material consumption, the mixture was cooled to -78 °C directly and stirred at
the same temperature for 15 min. (Note: the paraquinomethide could be stable in this system.) Then
3A molecular sieves (20 mg), K,COj3 (0.2 mmol, 2.0 equiv), 2a (0.3 mmol, 3.0 equiv) and catalyst 3¢
(0.005 mmol, 0.05 equiv) were added in sequence quickly. (Attention: the order of addition is
important.) Then the mixture was stirred at the same temperature and monitored by TLC. Upon
completion, the reaction was warm to room temperature and a solution of saturated aqueous NaCl
solution (1 ml) was added to the mixture. Then the mixture was extracted with EtOAc, and the
combined organic layer was dried over MgSQys, filtered and evaporated under vacuum. The residue

was purified by a flash column chromatography to give the desired product.

CF4
IH\\;/Ph

SR e

N
(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (4a)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 86% (33.7
mg). '"H NMR (600 MHz, CDCls) & 8.17 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.50 — 7.45 (m, 2H),
7.42 —7.27 (m, 6H), 7.20 — 7.15 (m, 1H), 7.01 — 6.96 (m, 1H), 6.77 (d, J = 8.8 Hz, 2H); °C NMR
(151 MHz, CDCls) 6 155.7, 136.6, 132.1, 130.7, 129.1, 128.8, 128.5, 125.8 (q, J = 284.2 Hz), 125.7,
123.0 (g, J = 2.6 Hz), 122.6, 122.6, 121.3, 120.1, 115.2, 112.6, 111.4, 86.5, 86.2 (q, J = 1.5 Hz), 51.2
(q, J=29.3 Hz); ’F NMR (471 MHz, CDCl5) & -70.5; HRMS (ESI) m/z calculated for C,4H;sF3NO
[M - H] 390.1111, found 390.1116; HPLC: the ee value was determined by HPLC analysis
(Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min, 227 nm), retention time: tyinor = 13.790 min,
tmajor = 16.100 min, ee = 92.6%; [a]p” =-96.5 (c = 0.98, CHCL5).
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OMe
CF3/

Wegss

H
(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-(4-methoxyphenyl)but-3-yn-2-yl)phenol (4b)
It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 89% (37.5
mg). "H NMR (600 MHz, CDCl;) & 8.17 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.43 — 7.31 (m, 5H),
7.18 —7.15 (m, 1H), 6.99 — 6.95 (m, 1H), 6.82 (d, /= 8.9 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 3.80 (s,
3H); *C NMR (151 MHz, CDCl5) & 160.0, 155.7, 136.6, 133.5, 130.7, 129.3, 125.8 (q, J = 284.0
Hz), 125.7, 123.0 (q, J = 2.4 Hz), 122.6, 121.3, 120.0, 115.1, 114.8, 114.1, 112.8, 111.3, 86.4, 84.8
(q, J = 1.5 Hz), 55.5, 51.2 (q, J = 29.1 Hz); "’F NMR (471 MHz, CDCl5) & -70.7; HRMS (ESI) m/z
calculated for C,sH;7F3NO, [M - H] 420.1217, found 420.1211; HPLC: the ee value was determined
by HPLC analysis (Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min, 266 nm), retention time:
tminor = 12.620 min, tmajor = 15.593 min, ee = 95.1%; [a]p’® =-119.3 (c = 1.00, CHCI5).

Me
CF3/

Wess
H

(5)-4-(1,1,1-Trifluoro-2-(1 H-indol-3-yl)-4-(p-tolyl)but-3-yn-2-yl)phenol (4¢)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 85% (34.4
mg). 'H NMR (500 MHz, CD;OD) & 7.42 (d, J = 8.7 Hz, 2H), 7.39 — 7.34 (m, 2H), 7.34 — 7.28 (m,
2H), 7.23 - 7.19 (m, 1H), 7.17 = 7.12 (m, 2H), 7.10 — 7.04 (m, 1H), 6.88 — 6.82 (m, 1H), 6.73 (d, J =
8.8 Hz, 2H), 2.32 (s, 3H); °C NMR (126 MHz, CD;0D) & 158.6, 140.1, 138.3, 132.6, 131.3, 130.2,
129.0, 127.2 (q, J = 282.9 Hz), 126.8, 124.2 (q, /= 2.5 Hz), 122.7, 121.7, 120.8, 119.9, 115.7, 112.7,
112.4,87.2,87.0 (q, J= 1.7 Hz), 52.4 (g, J = 29.1 Hz), 21.4; ’F NMR (471 MHz, CD;0D) § -71.9;
HRMS (ESI) m/z calculated for C,sH7FsNO [M - H] 404.1268, found 404.1280; HPLC: the ce
value was determined by HPLC analysis (Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min, 258
nm), retention time: tyinor = 14.363 min, tmgjor = 17.240 min, ee = 89.9%; [a]p” = -95.3 (c = 1.00,

CHCL).
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Cl
CFs _

Wegss

H
(8)-4-(4-(4-Chlorophenyl)-1,1,1-trifluoro-2-(1H-indol-3-yl) but-3-yn-2-yl)phenol (4d)
It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 80% (34.0
mg). "H NMR (500 MHz, CDCl;) & 8.20 (brs, 1H), 7.50 (d, J = 8.6 Hz, 2H), 7.42 — 7.36 (m, 4H),
7.32 — 7.26 (m, 3H), 7.21 — 7.15 (m, 1H), 7.01 — 6.95 (m, 1H), 6.77 (d, J = 8.8 Hz, 2H); °C NMR
(126 MHz, CDCls) 6 155.6, 136.4, 134.7, 133.1, 130.4, 128.6, 128.6, 125.5 (q, J = 284.2 Hz), 125.5,
1229 (q,J=2.6 H), 122.5, 121.0, 120.9, 119.9, 115.0, 112.2, 111.2, 87.1 (q, J = 1.5 Hz), 85.18, 51.1
(q, J = 294 Hz); YF NMR (471 MHz, CDCly) & -70.6; HRMS (ESI) m/z calculated for
Co4H14CIF3NO [M - H] 424.0721, found 424.0715; HPLC: the ee value was determined by HPLC
analysis (Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min, 253 nm), retention time: tyinor =
12.620 min, tmajor = 15.593 min, ee = 91.2%; [a]p’’ =-125.8 (c = 1.02, CHCI5).

F
CF; _

Werss
H

(8)-4-(1,1,1-Trifluoro-4-(4-fluorophenyl)-2-(1 H-indol-3-yl)but-3-yn-2-yl)phenol (4e)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 76% (31.0
mg). 'H NMR (500 MHz, CDCl;) & 8.19 (brs, 1H), 7.51 (d, J = 8.6 Hz, 2H), 7.47 — 7.42 (m, 2H),
7.42 —7.37 (m, 2H), 7.33 — 7.29 (m, 1H), 7.19 — 7.15 (m, 1H), 7.03 — 6.93 (m, 3H), 6.77 (d, J = 8.8
Hz, 2H), 4.83 (brs, 1H); °C NMR (126 MHz, CDCl3) & 162.9 (d, J = 249.8 Hz), 155.8, 136.6, 134.0
(d, J = 8.4 Hz), 130.7, 129.0, 125.7 (q, J = 284.0 Hz), 125.7, 123.0 (q, J = 2.6 Hz), 122.7, 121.2,
120.1, 118.7 (d, J = 3.5 Hz), 115.8 (d, J = 22.1 Hz), 115.2, 112.5, 111.4, 86.0 (q, J = 1.6 Hz), 85.5,
51.2 (q, J=29.1 Hz); "’F NMR (471 MHz, CDCl5)  -70.7, -110.4; HRMS (ESI) m/z calculated for
Co4H4F4NO [M - H] 408.1017, found 408.1008; HPLC: the ee value was determined by HPLC
analysis (Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min, 215 nm), retention time: tyinor =
13.690 min, tygor = 16.470 min, ee = 95.8%; [a]p’’ = -105.5 (c = 0.98, CHCl;).

S15



CFy
OMe
10
H

(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-(3-methoxyphenyl)but-3-yn-2-yl)phenol (4f)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 85% (35.6
mg). "H NMR (500 MHz, CDCl;) & 8.17 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.40 — 7.33 (m, 3H),
7.23 —7.15 (m, 2H), 7.10 — 7.06 (m, 1H), 7.01 — 6.96 (m, 2H), 6.90 — 6.86 (m, 1H), 6.76 (d, J = 8.8
Hz, 2H), 4.92 (brs, 1H), 3.77 (s, 3H); *C NMR (126 MHz, CDCl;) & 159.5, 155.7, 136.6, 130.7,
129.6, 129.0, 125.8 (q, J =284.3 Hz), 125.7, 124.7, 123.6, 123.1 (q, J = 2.7 Hz), 122.7, 121.3, 120.1,
116.9, 115.5, 115.2, 112.6, 111.4, 86.4, 86.1 (q, J = 1.7 Hz), 55.5, 51.3 (q, J = 29.3 Hz); ’F NMR
(471 MHz, CDCl3) 6 -70.6; HRMS (ESI) m/z calculated for C,sH;7F3NO; [M - H] 420.1217, found
420.1222; HPLC: the ee value was determined by HPLC analysis (Chiralpak AS-H, i-PrOH/hexane =
15/85, 1.0 mL/min, 225nm), retention time: tminor = 16.943 min, tmajor = 19.467 min, ee = 92.3%; [oc]D30

=-113.6 (c = 0.99, CHCl5).

MeO
CF3 _

Wegss
H

(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-(2-methoxyphenyl)but-3-yn-2-yl)phenol (4g)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 81% (34.0
mg). "H NMR (600 MHz, CDCl;) & 8.16 (brs, 1H), 7.60 (d, J = 8.6 Hz, 2H), 7.45 — 7.38 (m, 3H),
7.36 —7.33 (m, 1H), 7.30 — 7.26 (m, 1H), 7.17 — 7.13 (m, 1H), 6.98 — 6.95 (m, 1H), 6.89 — 6.85 (m,
2H), 6.76 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H); °C NMR (151 MHz, CDCls) & 160.9, 155.6, 136.6,
133.7, 130.8, 130.2, 129.3, 125.8 (q, J = 284.3 Hz), 125.7, 123.1 (q, J = 2.4 Hz), 122.5, 121.7, 120.5,
119.9, 115.1, 112.7, 112.1, 111.2, 111.0, 90.1 (q, J = 1.4 Hz), 83.1, 56.0, 51.4 (q, J = 29.2 Hz); "°F
NMR (471 MHz, CDCls) 8 -70.5; HRMS (ESI) m/z calculated for C,sH;7F3NO;, [M - H] 420.1217,
found 420.1219; HPLC: the ee value was determined by HPLC analysis (Chiralpak AS-H,

i-PrOH/hexane = 15/85, 1.0 mL/min, 291 nm), retention time: tminor = 23.080 min, tmajor = 26.093 min,

ee = 96.2%; [a]p>" = -79.4 (¢ = 0.99, CHCL,).

S16



(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-(naphthalen-2-yl)but-3-yn-2-yl)phenol (4h)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 67% (29.5
mg). "H NMR (500 MHz, CDCl3) & 8.17 (brs, 1H), 8.00 (s, 1H), 7.81 — 7.74 (m, 3H), 7.58 (d, J = 8.6
Hz, 2H), 7.53 — 7.46 (m, 3H), 7.44 — 7.35 (m, 3H), 7.22 — 7.16 (m, 1H), 7.04 — 6.99 (m, 1H), 6.78 (d,
J = 8.8 Hz, 2H), 4.99 (brs, 1H); *C NMR (126 MHz, CDCl3) & 155.8, 136.6, 133.2, 133.1, 132.1,
130.7, 129.1, 128.7, 128.1, 128.0, 128.0, 127.0, 126.8, 125.8 (q, J = 284.3 Hz), 125.7, 123.1 (q, J =
2.2 Hz), 122.7, 121.3, 120.1, 119.9, 115.2, 112.6, 111.4, 86.9, 86.5 (q, J = 1.6 Hz), 51.3 (q, J =29.4
Hz); "’F NMR (471 MHz, CDCl;) & -70.5; HRMS (ESI) m/z calculated for C,sH;7F3NO [M - H]
440.1268, found 440.1257; HPLC: the ee value was determined by HPLC analysis (Chiralpak AS-H,
i-PrOH/hexane = 20/80, 1.0 mL/min, 290 nm), retention time: tyinor =10.457 min, tymgjor = 12.797min,
ee = 92.1%; [a]p>" = -63.7 (¢ = 1.03, CHCL,).

CF/C\
="
J )

H

(8)-4-(1,1,1-Trifluoro-2-(1H-indol-3-yl)-4-(thiophen-3-yl)but-3-yn-2-yl)phenol (4i)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 83% (32.8
mg). "H NMR (500 MHz, CDCl;) & 8.18 (brs, 1H), 7.51 (d, J = 8.6 Hz, 2H), 7.49 — 7.45 (m, 1H),
7.40 — 7.35 (m, 2H), 7.34 — 7.30 (m, 1H), 7.26 — 7.23 (m, 1H), 7.19 — 7.15 (m, 1H), 7.14 — 7.11 (m,
1H), 7.00 — 6.95 (m, 1H), 6.76 (d, J = 8.8 Hz, 2H); °C NMR (126 MHz, CDCl3) & 155.8, 136.6,
130.7, 130.2, 129.6, 129.0, 125.7 (q, J = 284.2 Hz), 125.7, 125.5, 123.1 (q, J = 2.7 Hz), 122.6, 121.6,
121.3, 120.1, 115.2, 112.5, 111.4, 85.8 (q, J = 1.6 Hz), 81.7, 51.3 (q, J = 29.4 Hz); "’F NMR (471
MHz, CDCls) 6 -70.6; HRMS (ESI) m/z calculated for C,,H;3FsNOS [M - H] 396.0675, found
396.0683; HPLC: the ee value was determined by HPLC analysis (Chiralpak AS-H, i-PrOH/hexane =
15/85, 1.0 mL/min, 215 nm), retention time: tminor =20.300 min, tymajor = 22.877min, ee = 96.2%; [oc]D30

= -93.8 (c = 0.98, CHCL;).
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OMe H

(5)-2,6-Dimethoxy-4-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (4j)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 63% (28.5
mg). '"H NMR (500 MHz, CDCl3) § 8.27 (brs, 1H), 7.50 — 7.45 (m, 2H), 7.43 — 7.35 (m, 3H), 7.35 —
7.27 (m, 3H), 7.19 — 7.15 (m, 1H), 7.03 — 6.98 (m, 1H), 6.96 (s, 2H), 5.59 (brs, 1H), 3.78 (s, 6H); "*C
NMR (126 MHz, CDCls) 8 146.7, 136.6, 135.1, 132.0, 128.9, 128.5, 127.8, 125.8 (q, J = 284.4 Hz),
125.8,123.2 (q, J=2.5 Hz), 122.6, 122.6, 121.3, 120.1, 112.4, 111.4, 106.7, 86.7, 86.2, 56.6, 51.9 (q,
J=29.4 Hz); "’F NMR (471 MHz, CDCl;) & -70.2; HRMS (ESI) m/z calculated for C,sH;oF3NO5 [M
- HJ] 450.1323, found 450.1327; HPLC: the the ee value was determined by HPLC analysis
(Chiralpak IG, i-PrOH/hexane = 20/80, 1.0 mL/min, 220 nm), retention time: tyinor = 7.267 min, tpyinor
= 10.190 min, ee = 83.0%; [a]p>° =-9.6 (c = 1.04, CHCl5).

Me H

(5)-2,6-Dimethyl-4-(1,1,1-trifluoro-2-(1 H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (4k)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 76% (32.0
mg). "H NMR (500 MHz, CDCl3) & 8.14 (brs, 1H), 7.52 — 7.47 (m, 2H), 7.46 — 7.43 (m, 1H), 7.39 —
7.35 (m, 2H), 7.34 — 7.27 (m, 5H), 7.20 — 7.15 (m, 1H), 7.03 — 6.98 (m, 1H), 4.65 (brs, 1H), 2.20 (s,
6H); °C NMR (126 MHz, CDCls) & 152.4, 136.6, 132.1, 129.3, 128.7, 128.4, 128.0, 125.9 (q, J =
284.2 Hz), 125.8, 123.0 (q, J = 2.3 Hz),122.8, 122.7, 122.5, 121.4, 120.0, 112.8, 111.3, 86.5 (q, J =
1.1 Hz), 86.4, 51.3 (q, J = 28.1 Hz), 16.3; "’"F NMR (471 MHz, CDCl;) & -70.4; HRMS (ESI) m/z
calculated for C,cHijoFsNO [M - H] 418.1424, found 418.1432; HPLC: the the ee value was
determined by HPLC analysis (Chiralpak IG, i-PrOH/hexane = 5/95, 1.0 mL/min, 241 nm), retention
time: tminor= 10.850 min, tgior = 16.043 min, ee = 90.5%; [a]p’ = -67.4 (c = 0.99, CHCI;).
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0
HO N
H

Me

(8)-2,6-Dimethyl-4-(1,1,1-trifluoro-2-(1H-indol-3-yl)oct-3-yn-2-yl)phenol (41)

It was prepared using 3b with 1.1 equiv of 2a without K,CO; additive and asymmetric nucleophilic
addition was performed at 0 °C. Then it was purified by silica gel chromatography using
EtOAc/petroleum ether (1:4). Yield: 73% (29.3 mg). "H NMR (500 MHz, CDCls) & 8.08 (brs, 1H),
7.37 —7.28 (m, 3H), 7.22 (s, 2H), 7.19 — 7.13 (m, 1H), 7.00 — 6.94 (m, 1H), 2.31 (t, J = 7.0 Hz, 2H),
2.19 (s, 6H), 1.61 — 1.52 (m, 2H), 1.51 — 1.41 (m, 2H), 0.92 (t, J= 7.3 Hz, 3H); °C NMR (126 MHz,
CDCl3) 6 152.2, 136.6, 129.4, 128.5, 126.0 (q, J = 283.9 Hz), 125.8, 122.8 (q, J = 2.5 Hz), 122.5,
122.4, 121.6, 119.7, 113.4, 111.2, 77.32 — 77.28 (m), 87.2, 50.6 (q, J = 28.7 Hz), 30.7, 22.1, 18.7,
16.3, 13.8; '’F NMR (471 MHz, CDCl;) & -70.8; HRMS (ESI) m/z calculated for Co4H,3FsNO [M -
H] 398.1737, found 398.1746; HPLC: the ee value was determined by HPLC analysis (Chiralpak IG,
i-PrOH/hexane = 5/95, 1.0 mL/min, 254 nm), retention time: tmajor =7.550 min, tminor = 8.260min, ee =

92.7%; [a]p>’ = +32.2 (¢ = 0.96, CHCl5).

Cc

Fs___CeH
_— 6113
Me ,m\//
O 4 O
H

(5)-2,6-Dimethyl-4-(1,1,1-trifluoro-2-(1H-indol-3-yl)dec-3-yn-2-yl)phenol (4m)

It was prepared using 3b with 1.1 equiv of 2a without K,CO; additive and asymmetric nucleophilic
addition was performed at 0 °C. Then it was purified by silica gel chromatography using
EtOAc/petroleum ether (1:4). Yield: 71% (30.2 mg). "H NMR (500 MHz, CDCls) & 8.07 (brs, 1H),
7.37 —7.29 (m, 3H), 7.22 (s, 2H), 7.19 — 7.14 (m, 1H), 7.00 — 6.94 (m, 1H), 4.64 (brs, 1H), 2.32 —
2.28 (m, 2H), 2.19 (s, 6H), 1.61 — 1.54 (m, 2H), 1.47 — 1.40 (m, 2H), 1.33 — 1.27 (m, 4H), 0.92 —
0.87 (m, 3H); °C NMR (126 MHz, CDCl3) & 152.2, 136.6, 129.4, 128.5, 126.0 (q, J = 283.9 Hz),
125.8, 122.8 (q, J = 2.4 Hz), 122.5, 122.4, 121.5, 119.7, 113.4, 111.2, 87.3, 77.35 — 77.30 (m), 50.6
(q, J = 29.0 Hz), 31.5, 28.7, 28.6, 22.8, 19.1, 16.3, 14.2; ’F NMR (471 MHz, CDCl3) & -70.8;
HRMS (ESI) m/z calculated for CysHy7F3NO [M - H] 426.2050, found 426.2062; HPLC: the ee
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value was determined by HPLC analysis (Chiralpak IG, i-PrOH/hexane = 3/97, 1.0 mL/min, 215 nm),

retention time: toygjor =11.460 min, tminor = 13.030min, ee = 91.2%; [a]p>° = +27.1 (c = 1.03, CHCl5).

Ve Tt _on

ORsS
HO r N
(5)-2,6-Dimethyl-4-(1,1,1-trifluoro-6-hydroxy-2-(1 H-indol-3-yl)hex-3-yn-2-yl)phenol (4n)
It was prepared using 3b with 1.1 equiv of 2a without K,CO; additive and asymmetric nucleophilic
addition was performed at 0 °C. Then it was purified by silica gel chromatography using
EtOAc/petroleum ether (1:4). Yield: 70% (30.1 mg). "H NMR (500 MHz, CDCls) & 8.18 (brs, 1H),
7.35 —7.28 (m, 3H), 7.20 (s, 2H), 7.17 — 7.12 (m, J = 7.5 Hz, 1H), 6.98 — 6.93 (m, J = 7.6 Hz, 1H),
3.55(t,J=6.5 Hz, 2H), 2.32 (t, J = 6.8 Hz, 2H), 2.18 (s, 6H), 1.62 — 1.49 (m, 4H), 1.48 — 1.40 (m,
2H); *C NMR (126 MHz, CDCl3) & 152.3, 136.6, 129.3, 128.4, 126.0 (q, J = 284.1 Hz), 125.8,
122.8 (q, J = 2.3 Hz), 122.6, 122.4, 121.5, 119.6, 113.3, 111.3, 86.8, 77.7 (q, J = 1.8 Hz), 63.0, 50.6
(q, J=28.4 Hz), 32.4, 28.3, 25.0, 19.0, 16.3; '’F NMR (471 MHz, CDCl;) & -70.8; HRMS (ESI) m/z
calculated for CsHysF3NO, [M - H] 428.1843, found 428.1840; HPLC: the ee value was determined

by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 220 nm), retention time:
tminor =7.697 Min, tmgjor = 9.317min, ee = 91.2%; [a]p’’ = +50.8 (c = 1.01, CHCL5).

CF
Me W= i
(J

HO N

Me H
(8)-4-(5-Chloro-1,1,1-trifluoro-2-(1H-indol-3-yl)pent-3-yn-2-yl)-2,6-dimethylphenol (40)
It was prepared using 3b with 1.1 equiv of 2a without K,CO; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 66% (25.7 mg). 'H NMR (500 MHz,
CDCls) & 8.12 (brs, 1H), 7.37 — 7.32 (m, 2H), 7.29 (d, J = 8.1 Hz, 1H), 7.22 — 7.15 (m, 3H), 7.03 —
6.97 (m, 1H), 4.22 (d, J = 2.7 Hz, 2H), 2.19 (s, 6H); °*C NMR (126 MHz, CDCl;) & 152.5, 136.5,
129.2,127.3, 125.6 (q, J = 284.3 Hz), 125.6, 123.2 (q, /= 2.6 Hz), 122.8, 122.6, 121.3, 120.1, 112.1,
111.4, 83.8 (q, J = 1.7 Hz), 81.2, 50.8 (q, J = 29.2 Hz), 30.7, 16.3; ’F NMR (471 MHz, CDCl3) &

-70.3; HRMS (ESI) m/z calculated for C,;H;cCIF;NO [M - H] 390.0878, found 390.0887; HPLC:
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the ee value was determined by HPLC analysis (Chiralpak AS-H, i-PrOH/hexane = 15/85, 1.0 mL/min,
225 nm), retention time: toygjor =15.707 Min, tminor = 19.847min, ee = 86.2%; [a]p’’ = +42.8 (¢ = 1.00,

CHCL).

CF

Vo \\3 ;/TBS
(0

H

(R)-4-(4-(tert-Butyldimethylsilyl)-1,1,1-trifluoro-2-(1H-indol-3-yl)but-3-yn-2-yl)-2,6-dimethylph
enol (4p)

It was prepared using 3b with 1.1 equiv of 2a without K,COj; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 70% (31.8 mg). '"H NMR (500 MHz,
CDCls) & 7.94 (brs, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.30 — 7.21 (m, 4H), 7.20 — 7.14 (m, 1H), 7.04 —
6.96 (m, 1H), 2.19 (s, 6H), 1.01 (s, 9H), 0.15 (s, 3H), 0.13 (s, 3H); °C NMR (126 MHz, CDCl;) &
152.3, 136.5, 129.4, 127.9, 125.7 (q, J = 284.2 Hz), 125.6, 123.1 (q, J = 2.5 Hz), 122.6, 122.5, 121.6,
119.7, 112.2, 111.3, 102.9, 90.2, 51.5 (q, J = 28.8 Hz), 26.3, 17.0, 16.3, -4.7, -4.7; "’F NMR (471
MHz, CDCl;) ¢ -70.5; HRMS (ESI) m/z calculated for C,cH,9F3NOSi [M - H] 456.1976, found
456.1968; HPLC: the ee value was determined by HPLC analysis (ChiralcelOD-H, i-PrOH/hexane =
5/95, 1.0 mL/min, 254 nm), retention time: tmajor =12.580 min, tminor = 14.453min, ee = 93.1%; [a]D30 =

+60.8 (¢ = 1.02, CHCls).

(5)-4-(2,2,2-Trifluoro-1-(1H-indol-3-yl)-1-phenylethyl)phenol (6a)

It was prepared using 3d with 1.1 equiv of 2a without K,COj; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 77% (28.2 mg). "H NMR (500 MHz,
CD;0D) 6 7.36 (d, J = 8.2 Hz, 1H), 7.32 — 7.23 (m, 5H), 7.10 (d, J = 8.7 Hz, 2H), 7.07 — 7.03 (m,
1H), 6.89 (d, J = 8.2 Hz, 1H), 6.82 — 6.78 (m, 1H), 6.72 (d, J = 8.9 Hz, 2H), 6.68 (s, 1H); °C NMR
(126 MHz, CD;0D) 6 157.8, 141.7, 138.6, 132.1, 131.9, 130.8, 129.7 (q, J = 285.8 Hz), 128.8, 128.4,
128.0, 127.6, 122.9, 122.5, 119.9, 116.3, 115.5, 112.4, 61.1 (q, J = 25.0 Hz); ’F NMR (471 MHz,

S21



CD;0D) 6 -61.9; HRMS (ESI) m/z calculated for C,,H;sFsNO [M - H] 366.1111, found 366.1123;
HPLC:the the ee value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 10/90,
1.0 mL/min, 227 nm), retention time: tygjor = 20.460 Min, tyinor = 24.720 min, ee = 93.2%; [o]p>’ =-1.8

(¢ =0.97, CHCL).

(R)-4-(2,2,2-Trifluoro-1-(1H-indol-3-yl)-1-(4-methoxyphenyl)ethyl)phenol (6b)

It was prepared using 3d with 1.1 equiv of 2a without K,COj; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 70% (27.8 mg). '"H NMR (500 MHz,
DMSO-d) & 11.20 (brs, 1H), 9.57 (brs, 1H), 7.40 (d, J= 8.2 Hz, 1H), 7.12 (d, J = 8.8 Hz, 2H), 7.07
—17.02 (m, 1H), 7.00 (d, J = 8.7 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 6.83 — 6.79 (m, 1H), 6.77 — 6.71
(m, 4H), 3.75 (s, 3H); °C NMR (126 MHz, DMSO-ds) & 158.3, 156.6, 136.9, 131.5, 130.3, 129.6,
129.6, 128.3 (q, J =286.3 Hz), 126.8, 125.8, 121.1, 121.1, 118.8, 114.8, 114.2, 113.4, 111.9, 58.5 (q,
J = 243 Hz), 55.0; YF NMR (471 MHz, DMSO-ds) & -60.5; HRMS (ESI) m/z calculated for
Cy3H17F3NO; [M - H] 396.1217, found 396.1211; HPLC: the the ee value was determined by HPLC
analysis (Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 230 nm), retention time: tmajor = 8.960
min, tminor = 10.687 min, ee = 91.2%; [a]p’" =-1.6 (¢ = 0.11, CHCI;).

(8)-4-(2,2,2-Trifluoro-1-(1H-indol-3-yl)-1-(p-tolyl)ethyl)phenol (6¢)

It was prepared using 3d with 1.1 equiv of 2a without K,COj; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 67% (25.7 mg). '"H NMR (500 MHz,
CD;0D) 6 7.35 (d, J = 8.2 Hz, 1H), 7.19 — 7.15 (m, 2H), 7.11 — 7.02 (m, 5H), 6.91 — 6.87 (m, 1H),

6.81 — 6.77 (m, 1H), 6.72 — 6.66 (m, 3H), 2.32 — 2.28 (m, 3H); '*C NMR (126 MHz, CD;0D) &
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157.7, 138.7, 138.6, 138.2, 132.2, 132.1, 130.7, 129.8 (q, J = 285.5 Hz), 129.5, 127.9, 127.7, 123.0,
122.4,119.9, 116.5, 115.5, 112.4, 60.8 (q, J = 24.6 Hz), 20.9; '’F NMR (471 MHz, CD;0D) & -61.9;
HRMS (ESI) m/z calculated for C,3H;7F3NO [M - H] 380.1268, found 380.1263; HPLC:the the ee
value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 15/85, 0.3 mL/min, 215
nm), retention time: tmjor =36.220 Min, tminor = 38.910min, ee = 90.3%; [a]p’’ =-2.3 (¢ = 1.04, CHCl;).

(R)-4-(1-(4-Chlorophenyl)-2,2,2-trifluoro-1-(1H-indol-3-yl)ethyl)phenol (6d)

It was prepared using 3d with 1.1 equiv of 2a without K,CO; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 62% (24.7 mg). 'H NMR (500 MHz,
CD;0D) 6 7.36 (d, J = 8.2 Hz, 1H), 7.30 — 7.27 (m, 4H), 7.11 — 7.04 (m, 3H), 6.88 — 6.80 (m, 2H),
6.74 — 6.69 (m, 3H); °C NMR (126 MHz, CD;0D) & 158.1, 140.5, 138.6, 134.6, 132.5, 132.0, 131.4,
129.53 (q, J = 285.6 Hz), 129.0, 128.0, 127.4, 122.7, 122.6, 120.1, 115.8, 115.7, 112.5, 60.8 (q, J =
25.1 Hz); '°F NMR (471 MHz, CD;0D) § -61.8; HRMS (ESI) m/z calculated for C»,H;4CIF3NO [M
- HJ] 400.0721, found 400.0713; HPLC: the the ee value was determined by HPLC analysis
(Chiralpak AD-H, i-PrOH/hexane = 15/85, 0.8 mL/min, 215 nm), retention time: tmajor =10.847 min,
tminor = 12.213min, ee = 91.0%; [a]p™ = -4.1 (¢ = 1.00, CHCl5).

(R)-4-(2,2,2-Trifluoro-1-(1H-indol-3-yl)-1-(3-methoxyphenyl)ethyl)phenol (6¢)

It was prepared using 3d with 1.1 equiv of 2a without K,COj; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 58% (23.0 mg). '"H NMR (500 MHz,
CD;0D) 6 7.36 (d, J = 8.2 Hz, 1H), 7.23 — 7.16 (m, 1H), 7.12 — 7.03 (m, 3H), 6.94 — 6.88 (m, 2H),
6.88 — 6.79 (m, 3H), 6.73 — 6.69 (m, 3H), 3.63 — 3.60 (m, 3H); °C NMR (126 MHz, CD;0D) &
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160.7, 157.8, 143.2, 138.6, 132.1, 131.9, 129.7, 129.7 (q, J = 285.6 Hz), 128.0, 127.6, 123.2, 122.9,
122.5, 119.9, 117.4, 116.2, 115.5, 113.4, 112.4, 61.1 (g, J = 25.3 Hz), 55.5; °F NMR (471 MHz,
CDs0D) & -61.8; HRMS (ESI) m/z calculated for C,3H7F3NO; [M - H] 396.1217, found 396.1219;
HPLC: the the ee value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 15/85,
1.0 mL/min, 232 nm), retention time: tmajor =11.793 min, tminor = 13.543min, ee = 91.0%; [(x]D30 -1.2
(c=0.92, CHCI3).

Ph
CF;

Me
(0
HO N
Me H
(8)-2,6-Dimethyl-4-(2,2,2-trifluoro-1-(1H-indol-3-yl)-1-phenylethyl)phenol (6f)

It was prepared using 3d with 1.1 equiv of 2a without K,CO; additive. Then it was purified by silica
gel chromatography using EtOAc/petroleum ether (1:4). Yield: 77% (30.3 mg). "H NMR (500 MHz,
CDCls) 8 8.11 (brs, 1H), 7.38 — 7.30 (m, 6H), 7.19 — 7.15 (m, 1H), 7.06 — 7.02 (m, 1H), 6.97 — 6.91
(m, 3H), 6.70 — 6.67 (m, 1H), 2.16 (s, 6H); °C NMR (126 MHz, CDCl) & 151.7, 140.3, 136.9,
131.4, 130.2 (q, J = 2.0 Hz), 129.9 (q, J = 2.0 Hz), 128.4 (q, J = 286.6 Hz), 128.1, 127.6, 126.9,
126.6, 122.7 (q, J= 3.0 Hz), 122.5, 122.3, 120.0, 116.7, 111.3, 60.1 (q, J = 25.0 Hz), 16.4; '’F NMR
(471 MHz, CDCls) & -60.3; HRMS (ESI) m/z calculated for C,4H9F3NO [M - H]" 394.1424, found
394.1432; HPLC: the ee value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane =
10/90, 1.0 mL/min, 215 nm), retention time: tmajor = 13.397 min, tminer = 14.537 min, ee = 96.5%; [oc]D30

— 3.6 (c = 1.01, CHCL).

Fa___ph
Hom

(8)-4-(1,1,1-Trifluoro-2-(5-methoxy-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (7a)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 88%
(37.1mg). "H NMR (500 MHz, CDCl3) & 8.1 (brs, 1H), 7.55 — 7.51 (m, 2H), 7.50 — 7.46 (m, 2H),
7.38 —7.35 (m, 1H), 7.33 — 7.28 (m, 3H), 7.26 — 7.24 (m, 1H), 6.85 — 6.81 (m, 1H), 6.79 — 6.75 (m,
3H), 3.61 (s, 3H); °C NMR (126 MHz, CDCl3) & 155.5, 153.8, 131.9, 131.5, 130.5, 128.8, 128.6,

128.3, 126.1, 125.6 (q, J =284.2 Hz), 123.5 (q, /= 2.7 Hz), 122.5, 115.0, 112.7, 112.1, 111.8, 102.9,
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86.3, 86.0 (q, J = 1.9 Hz), 55.7, 51.0 (q, J = 29.2 Hz); "’F NMR (471 MHz, CDCl;) & -70.6; HRMS
(ESI) m/z calculated for C,sH7F3NO; [M - H] 420.1217, found 420.1215; HPLC: the ee value was
determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 215nm),
retention time: toinor = 8.703 Min, tmsjor = 10.577 min, ee = 95.3%; [a]p’° = -112.5 (c = 1.08, CHCI;).

CF3/ Ph
J TG
HO N
H
(8)-4-(1,1,1-Trifluoro-2-(5-methyl-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (7b)
It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 85% (34.3
mg). '"H NMR (500 MHz, CDCl;) & 8.04 (brs, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.51 — 7.47 (m, 2H),
7.35—-7.29 (m, 4H), 7.25 (d, J = 8.3 Hz, 1H), 7.19 (s, 1H), 7.01 (dd, J = 8.3, 1.3 Hz, 1H), 6.76 (d, J
= 8.8 Hz, 2H), 2.32 (s, 3H); °C NMR (126 MHz, CDCl;) & 155.6, 134.9, 132.0, 130.6, 129.2, 129.1,
128.8, 128.5, 125.9, 125.8 (q, J = 284.2 Hz), 124.3, 123.3 (q, /= 2.6 Hz), 122.7, 120.9, 115.2, 111.9,
111.0, 86.5— 86.4 (m), 51.3 (q, J = 29.2 Hz), 21.8; ’F NMR (471 MHz, CDCl;) & -70.5; HRMS
(ESI) m/z calculated for C,sH7F;NO [M - H] 404.1268, found 404.1263; HPLC: the ee value was

determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 10/90, 1.0 mL/min, 239 nm),
retention time: toinor = 235.420 min, tygjor = 27.323 min, ee = 90.3%; [a]p’’ = -146.5 (c = 1.03, CHCl;).

CFS/ Ph
- I
“
H

(8)-4-(1,1,1-Trifluoro-2-(5-iodo-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (7¢)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 82% (42.2
mg). '"H NMR (500 MHz, CDCls) § 8.20 (brs, 1H), 7.83 — 7.79 (m, 1H), 7.54 — 7.48 (m, 4H), 7.44 —
7.41 (m, 1H), 7.36 — 7.30 (m, 4H), 7.16 — 7.11 (m, 1H), 6.79 (d, J = 8.7 Hz, 2H), 4.97 (brs, 1H); °C
NMR (126 MHz, CDCls) 6 155.7, 135.5, 131.9, 131.0, 130.4, 129.9, 128.8, 128.4, 128.0, 125.4 (q, J
=284.1 Hz), 123.6 (q, J = 2.5 Hz), 122.2, 115.2, 113.3, 111.8, 86.8, 85.7 (q, J = 1.7 Hz), 83.6, 50.9
(q, J=29.6 Hz); "’F NMR (471 MHz, CDCls) & -70.7; HRMS (ESI) m/z calculated for Co4H;4F3INO
[M - H] 516.0078, found 516.0086; HPLC: the ee value was determined by HPLC analysis
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(Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 254 nm), retention time: tmajor = 5.477 min,
tminor = 8.6057 min, ee = 95.1%; [a]D =-122.2 (¢=1.01, CHCl,).

S

(5)-4-(2-(5-Bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)phenol (7d)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 80% (37.5
mg). '"H NMR (500 MHz, CDCl3) & 8.24 (brs, 1H), 7.55 (s, 1H), 7.53 — 7.46 (m, 4H), 7.41 — 7.39 (m,
1H), 7.35 — 7.30 (m, 3H), 7.26 — 7.25 (m, 2H), 6.79 (d, J = 8.8 Hz, 2H); °C NMR (126 MHz,
CDCls) & 155.7, 135.1, 131.9, 130.4, 128.8, 128.4, 128.4, 127.3, 125.5, 125.4 (q, J = 284.2 Hz),
124.0 (q, /= 2.8 Hz), 123.6, 122.2, 115.2, 113.3, 112.7, 112.2, 86.7, 85.6 (q, J = 1.9 Hz), 50.9 (q, J =
29.5 Hz); F NMR (471 MHz, CDCl5) & -70.7; HRMS (ESI) m/z calculated for Co4H4BrF3;NO [M -
H]" 468.0216, found 468.0220; HPLC: the ee value was determined by HPLC analysis (Chiralpak
AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 236 nm), retention time: tmajor = 5.623 min, tyiner = 6.840
min, ee = 95.4%; [o]p " = -125.0 (¢ = 1.04, CHCL,).

CF3/

Ho

(8)-3-(1,1,1-Trifluoro-2-(4-hydroxyphenyl)-4-phenylbut-3-yn-2-yl)-1 H-indole-5-carbonitrile
(7e)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 76% (31.8
mg). "H NMR (600 MHz, CD;0D) & 7.60 — 7.56 (m, 2H), 7.56 — 7.53 (m, 1H), 7.47 — 7.41 (m, 4H),
7.39 — 7.33 (m, 4H), 6.79 (d, J = 8.9 Hz, 2H); *C NMR (151 MHz, CD;0D) & 159.1, 140.1, 132.6,
131.2, 130.1, 129.7, 128.1, 127.1, 126.9 (q, J = 283.3 Hz), 126.7, 125.6, 123.3, 121.5, 116.1, 114.0,
113.9, 103.0, 87.8, 86.9 (q, J = 1.4 Hz), 52.2 (q, J = 29.4 Hz); "’F NMR (471 MHz, CDCl5) & -71.0;
HRMS (ESI) m/z calculated for C;sH4F3N,O [M - H] 415.1064, found 415.1069; HPLC: the ee
value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min, 247
nm), retention time: tmajor = 4.800 min, tminor = 5.500 min, ee = 92.8%; [a ] =-124.9 (c=1.01, THF).
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(8)-4-(1,1,1-Trifluoro-2-(6-methyl-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (7f)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 81% (32.8
mg). "H NMR (500 MHz, CDCl;) & 8.04 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.49 — 7.46 (m, 2H),
7.34 —7.28 (m, 4H), 7.21 (d, J = 8.2 Hz, 1H), 7.16 (s, 1H), 6.82 (dd, J = 8.2, 0.8 Hz, 1H), 6.76 (d, J
= 8.8 Hz, 2H), 4.84 (brs, 1H), 2.41 (s, 3H); °C NMR (126 MHz, CDCls) & 155.7, 137.1, 132.5,
132.1, 130.7, 129.2, 128.8, 128.4, 125.8 (q, J = 284.3 Hz), 123.6, 122.7, 122.5 (q, J = 2.6 Hz), 121.9,
120.9, 115.2, 112.5, 111.3, 86.4, 86.4, 51.2 (q, J = 29.2 Hz), 21.8; ’F NMR (471 MHz, CDCl;) &
-70.6; HRMS (ESI) m/z calculated for CysH;7F3NO [M - H]™ 404.1268, found 404.1259; HPLC: the
ee value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane = 20/80, 1.0 mL/min,
215 nm), retention time: tminor= 8.347 Min, tygjor = 11.900 min, ee = 95.8%; [o]p>’ = -113.3 (¢ = 0.97,

CHCL).

CFe __—Ph
HO N Br
H

(8)-4-(2-(6-Bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)phenol (7g)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 78% (36.7
mg). '"H NMR (600 MHz, CD;0D) & 7.55 (d, J = 1.5 Hz, 1H), 7.44 — 7.38 (m, 5H), 7.36 — 7.31 (m,
3H), 7.11 (d, J= 8.6 Hz, 1H), 6.98 (dd, J= 8.6, 1.8 Hz, 1H), 6.75 (d, J = 8.9 Hz, 2H); °C NMR (151
MHz, CD;OD) ¢ 158.8, 139.1, 132.7, 131.3, 129.9, 129.6, 128.5, 127.1 (q, J = 283.1 Hz), 125.8,
125.2 (q, J = 2.2 Hz), 123.6, 123.2, 123.0, 116.3, 115.8, 115.4, 113.0, 87.3, 87.3, 52.2 (q, J = 29.2
Hz); 'F NMR (471 MHz, CDCl;) & -67.1; HRMS (ESI) m/z calculated for Co4H4BrFsNO [M - H]
468.0216, found 468.0214; HPLC: the ee value was determined by HPLC analysis (Chiralpak AD-H,
i-PrOH/hexane = 20/80, 1.0 mL/min, 215 nm), retention time: tminor = 6.293 min, tmajor = 8.167 min, ee

=95.0%; [a]p™’ =-136.9 (c = 1.01, THF).
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(8)-4-(1,1,1-Trifluoro-2-(6-fluoro-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (7h)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 75% (30.7
mg). '"H NMR (500 MHz, CDCls) & 8.18 (brs, 1H), 7.53 — 7.49 (m, 2H), 7.48 — 7.45 (m, 2H), 7.39 —
7.37 (m, 1H), 7.34 — 7.28 (m, 3H), 7.25 — 7.22 (m, 1H), 7.07 — 7.04 (m, 1H), 6.80 — 6.72 (m, 3H);
C NMR (126 MHz, CDCl3) & 160.3 (d, J = 238.9 Hz), 155.9, 136.6 (d, J = 12.3 Hz), 132.1, 130.7,
128.9, 128.9, 128.5, 125.7 (q, J = 284.7 Hz), 123.4 (q, J = 2.5 Hz), 122.5, 122.3, 122.1 (d, J = 10.1
Hz), 115.2, 112.9, 109.1 (d, J = 24.4 Hz), 97.7 (d, J = 26.2 Hz), 86.7, 86.1 (q, /= 1.7 Hz), 51.2 (q, J
= 29.7 Hz); F NMR (471 MHz, CDCl3) & -70.8, -120.5; HRMS (ESI) m/z calculated for
Co4H4F4NO [M - H] 408.1017, found 408.1007; HPLC: the ee value was determined by HPLC
analysis (Chiralpak IB, i-PrOH/hexane = 10/90, 1.0 mL/min, 218 nm), retention time: tpiner = 12.190
min, tmgjor = 13.153 min, ee = 93.1%; [a]p’° =-168.1 (c = 1.05, CHCL).

CF,

.\\\\ﬁ/Ph
I o
HO Ph™ N

H
(5)-4-(1,1,1-Trifluoro-4-phenyl-2-(2-phenyl-1 H-indol-3-yl)but-3-yn-2-yl)phenol (7i)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 70% (32.6
mg)."H NMR (500 MHz, CDCl3) & 8.07 (brs, 1H), 7.54 (d, J = 8.3 Hz, 1H), 7.43 (d, J = 8.5 Hz, 2H),
7.36 —7.31 (m, 3H), 7.28 — 7.17 (m, 7H), 7.13 — 7.10 (m, 2H), 7.07 — 7.03 (m, 1H), 6.64 (d, J = 8.8
Hz, 2H), 5.03 (brs, 1H); >C NMR (126 MHz, CDCl3) & 154.9, 138.7, 135.1, 133.9, 131.9, 131.6,
130.6, 130.0, 128.5, 128.3, 128.0, 127.7, 127.1, 126.2 (q, J = 284.5 Hz), 122.6, 122.4, 122.3 (q, J =
2.2 Hz), 120.3, 115.1, 110.8, 109.2, 87.8 (q, J = 2.3 Hz), 87.6, 51.6 (q, J = 29.4 Hz); '’F NMR (471
MHz, CDCl;) 6 -67.0;, HRMS (ESI) m/z calculated for C;0HoFsNO [M - H] 466.1424, found
466.1431; HPLC: the ee value was determined by HPLC analysis (Chiralpak AD-H, i-PrOH/hexane =
20/80, 1.0 mL/min, 237 nm), retention time: tmajor = 6.660 Min, tyinor = 7.757 min, ee = 92.3%; [a]p> =

-16.2 (c = 1.04, CHCL).
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1-Methyl-2-phenyl-5-(1,1,1-trifluoro-2-(4-methoxyphenyl)-4-phenylbut-3-yn-2-yl)-1H-pyrrole
©)

9 was prepared using 3d with 1.0 equiv of 8 without K,COs3 additive. The mixture was treated with
NaH and Mel for purification due to the product instability issue. Yield: 65% (29.0 mg). '"H NMR
(500 MHz, CDCl3) & 7.58 — 7.54 (m, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.41 — 7.34 (m, 7H), 7.33 — 7.29
(m, 1H), 6.93 (d, J = 8.9 Hz, 2H), 6.56 — 6.53 (m, 1H), 6.28 (d, J = 3.8 Hz, 1H), 3.84 (s, 3H), 3.28 (s,
3H); °C NMR (126 MHz, CDCl3) & 160.1, 136.9, 133.4, 132.1, 130.4, 129.5, 129.1, 128.6, 128.5,
127.9, 127.3, 127.2, 125.1 (q, J = 284.1 Hz), 122.3, 114.0, 109.0 (q, J = 2.9 Hz), 107.8, 87.3, 84.7,
55.5, 52.4 (q, J = 28.9 Hz), 33.7; ’F NMR (471 MHz, CDCl;) & -70.4; HRMS (ESI) m/z calculated
for C,gHy3F3NO [M + H]+ 446.1726, found 446.1739; HPLC: the ee value was determined by HPLC
analysis (Chiralcel OD-H, i-PrOH/hexane = 0.5/99.5, 1.0 mL/min, 279 nm), retention time: tyinor
=7.360 min, tygjor = 8.460 min, ee = 93.1%; [a]p>’ = -13.3 (c = 0.92, CHCly).

F,ClI
CFLL ph

Nepss

(5)-4-(1-Chloro-1,1-difluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (11a)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 63%
(25.8mg). "H NMR (500 MHz, CDCls) & 8.16 (brs, 1H), 7.56 (d, J = 8.6 Hz, 2H), 7.51 — 7.44 (m,
3H), 7.41 — 7.28 (m, 5H), 7.20 — 7.14 (m, 1H), 7.02 — 6.96 (m, 1H), 6.75 (d, J = 8.8 Hz, 2H), 4.95
(brs, 1H); °C NMR (126 MHz, CDCl3) & 155.7, 136.4, 132.0, 131.2, 130.9 (t, J = 300.6 Hz),129.7,
128.8, 128.5, 126.0, 123.4 (t, /= 3.3 Hz), 122.7, 122.6, 121.4, 120.0, 115.0, 113.2, 111.3, 87.4 (t, J =
3.1 Hz), 87.2, 56.7 (t, J = 25.4 Hz); "’F NMR (471 MHz, CDCl;) & -54.50 — -56.79 (m, 2F); HRMS
(ESI) m/z calculated for C4H;sCIF,NO [M - H] 406.0816, found 406.0809; HPLC: the ee value was
determined by HPLC analysis (Chiralpak IG, i-PrOH/hexane = 10/90, 1.0 mL/min, 254 nm), retention
time: tminor = 6.623 Min, tymgjor = 15.933min, ee = 84.1%; [a]p’’ = -21.5 (¢ = 1.04, CHCLy).
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(8)-4-(4,4,5,5,5-Pentafluoro-3-(1H-indol-3-yl)-1-phenylpent-1-yn-3-yl)phenol (11b)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 68%
(32.1mg). '"H NMR (500 MHz, CDCl;) § 8.13 (brs, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.45 — 7.31 (m,
5H), 7.18 — 7.12 (m, 1H), 7.00 — 6.94 (m, 1H), 6.83 (d, J = 8.9 Hz, 2H), 6.75 (d, J = 8.9 Hz, 2H),
5.12 (brs, 1H), 3.80 (s, 3H); °C NMR (126 MHz, CDCl3)  160.1, 155.7, 136.5, 133.4, 130.8, 128.7,
1259, 123.2 (t,J=4.6 Hz), 122.5, 121.5, 119.9, 124.1 - 112.7 (m), 115.1, 114.8, 114.1, 113.1, 111.3,
88.1, 84.4 — 84.2 (m), 55.5, 50.2 — 49.7 (m); "’F NMR (471 MHz, CDCl3) & -76.5 — -76.6 (m, 3F),
-110.0 — -115.7 (m, 2F); HRMS (ESI) m/z calculated for C,sH;7FsNO, [M - H] 470.1185, found
470.1188; HPLC: the ee value was determined by HPLC analysis (Chiralpak IG, i-PrOH/hexane =
10/90, 1.0 mL/min, 256 nm), retention time: tminor =7.460 Min, tyyior = 13.857min, ee = 91.1%; [a]p>’ =

-88.3 (c = 1.04, CHCL).

HO O /N O
(8)-4-(4,4,5,5,6,6,6-Heptafluoro-3-(1H-indol-3-yl)-1-(4-methoxyphenyl)hex-1-yn-3-yl)phenol
(11¢)

It was purified by silica gel chromatography using EtOAc/petroleum ether (1:4). Yield: 66% (34.3
mg). '"H NMR (500 MHz, CDCl3) & 8.07 (brs, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.1 Hz, 1H),
7.40 (d, J= 8.7 Hz, 2H), 7.33 (s, 1H), 7.30 (d, /= 8.2 Hz, 1H), 7.18 — 7.14 (m, 1H), 7.03 — 6.98 (m,
1H), 6.84 (d, J= 8.7 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 5.21 (brs, 1H), 3.80 (s, 3H); °C NMR (126
MHz, CDCl3) ¢ 160.0, 155.6, 136.5, 133.4, 131.0, 128.5, 125.8, 123.3, 122.5, 121.5, 119.9, 122.9 —
107.5 (m), 115.1, 114.8, 114.2, 113.1, 111.4, 88.2, 84.3 — 84.2 (m), 55.5, 50.9 (t, J = 23.7 Hz); "°F
NMR (471 MHz, CDCl3) 6 -80.9 — -81.0 (m, 3F), -106.2 — -109.8 (m, 2F), -117.8 —-121.3 (m, 2F);
HRMS (ESI) m/z calculated for C,7H;7F7NO, [M - H] 520.1153 found 520.1149; HPLC: the ee
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value was determined by HPLC analysis (Chiralpak IG, i-PrOH/hexane = 10/90, 1.0 mL/min, 253 nm),

retention time: toinor = 5.647 Min, tmsjor = 8.487 min, ee = 93.0%; [a]p’’ = -56.6 (c = 1.01, CHCI;).
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Absolute configuration determination

Absolute configuration determination of 4a

The absolute configuration of 4a was determined by preparing the same product B from the reported

optical pure substrate (S)-A and 4a respectively.”**!

(S)-A (reported) (R)B

Regent and condition: (a) iodobenzene (1.1 equiv), PACIy(PPh;), (0.02 equiv), Cul (0.015mml, 0.05 equiv), THF/Et;N
(1 mL/ 1 mL), N,, 60 °C, 12 h.

(R)-1-Methyl-3-(1,1,1-trifluoro-2-(4-methoxyphenyl)-4-phenylbut-3-yn-2-yl)-1 H-indole (B)
Prepared starting from (S)-A according to procedure a. "H NMR (500 MHz, CDCl3) & 7.59 (d, J =
8.8 Hz, 2H), 7.50 — 7.45 (m, 2H), 7.35 — 7.27 (m, 5H), 7.26 — 7.24 (m, 1H), 7.22 — 7.18 (m, 1H),
6.99 — 6.95 (m, 1H), 6.85 (d, J = 8.9 Hz, 2H), 3.84 (s, 3H), 3.79 (s, 3H); °C NMR (126 MHz,
CDCl3) 6 159.7, 137.5, 132.1, 130.4, 129.0, 128.7, 128.4, 127.7 (q, J = 2.6 Hz), 126.3, 1259 (q, J =
284.4 Hz), 122.8, 122.1, 121.4, 119.6, 113.6, 110.9, 109.5, 86.5 (q, J = 1.2 Hz), 86.4, 55.4,51.2 (q, J
=29.1 Hz), 33.2; "’F NMR (471 MHz, CDCLs)  -70.6; HRMS (ESI) m/z calculated for CosH, F3NO
[M+H]" 420.1570, found 420.1566; HPLC: the ee value was determined by HPLC analysis
(Chiralpak AD-H, i-PrOH/hexane = 2/98, 1.0 mL/min, 215nm), retention time: tmajor = 6.753 min,
tminor = 10.740 min, ee = 88.8%; [a]p>’ = +98.3 (¢ = 0.50, CHCl5).

(S)4a
Regent and condition: (b) Mel (5.0 equiv), NaH (2.5 equiv), THF.
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Prepared starting from 4a according to procedure b. '"H NMR, *C NMR and '’F NMR were the same
as the (R)-B above. HPLC: the ee value was determined by HPLC analysis (Chiralpak AD-H,
i-PrOH/hexane = 2/98, 1.0 mL/min, 215 nm), retention time: tminor = 6.353 min, tmajor = 9.693 min, ee =
94.4%; [a]p™ = -120.2 (¢ = 0.22, CHCL3). The results of HPLC and [a]p were opposite to (R)-B,

which allowed the assignment of the absolute configuration of 4a as S according to the known

literature.
P 3 2% 1ml #45 [manually integrated) AD |2 BEI] WA iy UV_VIS_1 WVL:215 nm
11-6.783
2000 MeO
: O OFy ="
1500—- AN
=) 1 Q N 12 - 10.697
E ] Me
§ 10004 reic B
g 4
2
=)
<< ]
500 4
0_: I : I :
-500_-I T T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.36
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.783 472.765 50.48 n.a.
2 10.697 463.867 49.52 n.a.
Total: 936.632 100.00
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Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.753 158.969 94.41 n.a.
2 10.740 9.409 5.59 n.a.
Total: 168.378 100.00
£65 5 2% 1mi #46 [manually integrated] AD b2 ey iy R 2 Uv_VIS_1 WWVL:215 nm
12 - 9.693
400—-
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EXa
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Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.353 4.201 2.82 n.a.
2 9.693 144.613 97.18 n.a.
Total: 148.814 100.00
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Absolute configuration determination of 6a

The absolute configuration of 6a was determined to be S on the basis of UV and circular dichroism
(CD) analyses. The simulated electrostatic circular dichroism (ECD) curve of (S)-6a and (R)-6a
through DFT calculation were correspondingly expressed as the red curve 6ag and the blue curve 6ag.
The experiment ECD curve of 6a through handling the experimental data from UV and CD spectra
was expressed as the black curve 6a. According to the figure shown below, the trend of the
experiment ECD curve of 6a was consistent with the simulated ECD curve of 6ag, which allowed the

assignment of the absolute configuration of 6a as S.

12

Experiment ECD of 6a
Calculated ECD of 6a,_

Calculated ECD of 6a_

_12 i 1 i 1 i 1 i
200 250 300 350 400

Wavelength (nm)

Ph
CFj
(0
HO N
H

6a
1 5 (S)-4-(2,2,2-trifluoro-1-(1H-indol-3-yl)-1-phenylethyl)phenol
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Computational methods:

The calculations were conducted using density functional theory (DFT) as implemented in the
gaussian 09.") Geometry optimization and frequency calculation were carried out at the
B3LYP/6-31G* level. Electronic excitation energies and rotational strengths in methanol were
calculated using TDDFT at cam-B3LYP/PCM-6-31+G(d,p) level in velocity formalism for the first

50 states. The CD curves were simulated by using the Gaussian function:®!

1
Ag E 3 X AEIRI [(£= JE')G]
E)=5306x 10‘)0\/_ Z

where o is the width of the band at 1/e height and AEi and Ri are the excitation energies and rotatory

strengths for transition i, respectively. Here a value of 6 = 0.6 eV.
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Synthetic application

Ph
Le="" T
O 1) TH,0, Py, CH,Cl, O
HO 4 O 2) PAIC, Hy, Mg, NH,AC 4 O
N MeOH, rt N
4a 12

(R)-3-(1,1,1-Trifluoro-2,4-diphenylbutan-2-yl)-1H-indole (12)

To a solution of 4a (0.1 mmol, 1.0 equiv) in CH,Cl, (5 mL) were added pyridine (0.2 mmol, 2.0
equiv) and a solution of Tf,0O (0.115 mmol, 1.15 equiv) in CH,Cl, (0.5 mL) sequentially. The
reaction mixture was stirred for 2 h. Then water (10 mL) was added. The layers were separated, and
the aqueous layer was extracted with ethyl acetate (10 mLx3). The combined organic layers were
washed with brine (10 mL), dried over anhydrous Na,SO,, filtered, and concentrated. The residue
was purified by flash chromatography on silica gel using EtOAc/petroleum ether (1:10) as eluent.
Then a mixture of the product, 10% Pd/C (9.3 mg, 10 wt %), NH4OAc (15.4 mg), and Mg (12.0 mg)
in methanol (5.0 mL) was stirred at room temperature under hydrogen balloon for 12 h. The mixture
was passed through a short length of silica gel using EtOAc/petroleum ether (1:10) as eluent to afford
12 (32.6 mg, 86% yield). "H NMR (500 MHz, CDCl3) & 8.15 (brs, 1H), 7.44 — 7.41 (m, 2H), 7.39 —
7.35 (m, 2H), 7.30 — 7.26 (m, 3H), 7.24 — 7.20 (m, 2H), 7.17 — 7.13 (m, 2H), 7.03 — 7.01 (m, 2H),
6.91 — 6.87 (m, 1H), 6.81 — 6.78 (m, 1H), 2.88 — 2.76 (m, 2H), 2.64 — 2.55 (m, 1H), 2.38 — 2.29 (m,
1H); *C NMR (126 MHz, CDCl;) & 142.4, 139.1, 136.6, 129.3, 128.6, 128.6, 128.3 (q, J = 285.1
Hz), 128.2, 127.8, 126.1, 124.3 (q, J = 2.2 Hz), 122.4, 121.6, 119.9, 114.0, 111.4, 53.8 (q, J = 24.5
Hz), 38.3, 31.8; '’F NMR (471 MHz, CDCl;) & -68.1; HRMS (EI) m/z calculated for CosH» FsN [M
+ H]": 380.1621, found 380.1623; HPLC: the ee value was determined by HPLC analysis (Chiralpak
IG, i-PrOH/hexane = 5/95, 1 mL/min, 215 nm), retention time: tmajor = 9.737 min, tmino= 11.590 min,

ee =93.4%; [a]p’" = +8.5 (c = 0.96, CHCI).
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4a 13

(8)-3-(2-([1,1'-Biphenyl]-4-yl)-1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)-1 H-indole (13)

To a solution of 4a (0.1 mmol, 1.0 equiv) in CH,Cl, (5 mL) were added pyridine (0.2 mmol, 2.0
equiv) and a solution of Tf,0 (0.115 mmol, 1.15 equiv) in CH,Cl, (0.5 mL) sequentially. The
reaction mixture was stirred for 2 h. Then water (10 mL) was added. The layers were separated, and
the aqueous layer was extracted with ethyl acetate (10 mLx3). The combined organic layers were
washed with brine (10 mL), dried over anhydrous Na;SOs, filtered, and concentrated. The residue
was purified by flash chromatography on silica gel using EtOAc/petroleum ether (1:10) as eluent.
Then to a solution of the product, phenylboronic acid (0.15 mmol, 1.5 equiv), Cs,CO3(97.7 mg, 0.3
mmol, 3 equiv) in dioxane (1 mL) was added Pd(PPh3)4 (17.3 mg, 0.015 mmol, 0.15 equiv) and
degassed with nitrogen. The reaction mixture was stirred at 60 °C for 48 h and then filtered through a
short pad of celite, which was washed with CH,Cl, (10 mL). The filtrate was concentrated and the
residue was purified by flash chromatography on silica gel using EtOAc/petroleum ether (1:50) as
eluent to afford 13 (38.9 mg, 86% yield). '"H NMR (500 MHz, CD;0D) & 7.71 (d, J = 8.3 Hz, 2H),
7.61 —7.56 (m, 4H), 7.47 — 7.44 (m, 3H), 7.41 — 7.37 (m, 3H), 7.35 — 7.28 (m, 4H), 7.26 (d, J = 8.1
Hz, 1H), 7.10 — 7.06 (m, 1H), 6.88 — 6.84 (m, 1H); >°C NMR (126 MHz, CD;OD) & 142.5, 141.6,
138.3, 137.3, 132.7, 130.6, 129.9, 129.9, 129.6, 128.6, 128.1, 127.7, 127.1 (q, J = 283.3 Hz), 126.7,
124.5 (q, J = 2.3 Hz), 123.6, 122.9, 121.5, 120.1, 112.5, 112.0, 87.5, 87.2 (q, J = 1.8 Hz), 52.9 (q, J =
28.9 Hz); "’F NMR (471 MHz, CD;OD) & -71.4; HRMS (EI) m/z calculated for C3oH,oFsN [M - H]:
450.1475, found 450.1483; HPLC: the ee value was determined by HPLC analysis (Chiralpak IG,
1-PrOH/hexane = 5/95, 1 mL/min, 215 nm), retention time: tminor = 8.923 min, tyajor= 10.400 min, ee =

93.2%; [a]p>’ = -54.6 (c = 0.99, CHCl;).
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Mechanistic studies

CFs3 CF,
Mn02
/©/\ Ph DDQ, 60°C 7N
HO L o Ph
1a 14

4-(1,1,1-Trifluoro-4-phenylbut-3-yn-2-ylidene)cyclohexa-2,5-dienone (14)

A solution of 1a (0.1 mmol, 1.0 equiv), MnO, (0.5 mmol, 5.0 equiv) and DDQ (0.025 mmol, 0.25
equiv) in CH,Cl, (1.0 mL) was stirred at 60 °C for 8 h. Then it was purified directly by silica gel
chromatography using ethyl acetate/petroleum ether 1:9). Yield: 11% (2.9 mg). 'H NMR (500 MHz,
CsDg) 6 7.37 (dd, J = 10.0, 2.6 Hz, 1H), 7.24 — 7.20 (m, 2H), 7.20 — 7.17 (m, 1H), 7.00 — 6.93 (m,
1H), 6.93 — 6.87 (m, J = 7.6 Hz, 2H), 6.23 (dd, /= 10.0, 1.6 Hz, 1H), 6.08 (dd, /= 10.2, 1.9 Hz, 1H);
C NMR (126 MHz, C¢Dg) 6 185.6, 139.1, 136.1, 132.2, 131.9 (q, J = 2.7 Hz), 131.5, 130.6, 130.5,
128.9, 121.9 (q, J = 275.7 Hz), 121.5, 121.4 (q, J = 34.1 Hz), 110.1, 84.4 (q, J = 3.7 Hz); "’F NMR
(471 MHz, C¢Ds) & -55.8; HRMS (ESI) m/z calculated for CsHoF30 [M + H]™ 275.0678, found
275.0673.

CF, CF4
BF5 Et,0, Et;SiH
B — e
O, T CH,C h Ph
MeO MeO
15 15

1-Methoxy-4-(1,1,1-trifluoro-4-phenylbut-3-yn-2-yl)benzene (15)

To a solution of 15° (0.5 mmol, 1.0 equiv) was added Et;SiH (1.0 mmol, 2.0 equiv) and BF;-Et,O
(0.75 mmol, 1.5 equiv) in CH,Cl; (5.0 mL) at -40 °C. Then it was warmed to room temperature.
Upon starting material consumption monitored by TLC, the mixture was quenched by a saturated
aqueous NaHCOs; solution. The organic layer was extracted with CH,Cl, and the combined organic
layers were washed with saturated aqueous NaCl solution, dried over anhydrous MgSQy, filtered and
removed under vacuum. The residue was purified by a column chromatography on silica gel using
petroleum ether as eluent to give the desired product 15 (68% yield). '"H NMR (500 MHz, CDCls) &
7.56 — 7.44 (m, 4H), 7.40 — 7.32 (m, 3H), 6.95 (d, J = 8.8 Hz, 2H), 4.53 (q, J = 8.0 Hz, 1H), 3.83 (s,
3H); *C NMR (126 MHz, CDCl;) & 160.2, 132.1, 130.7, 129.0, 128.5, 124.6 (q, J = 280.4 Hz),
124.1, 122.4, 114.3, 85.7, 82.1 (q, J = 3.3 Hz), 55.5, 43.5 (q, J = 31.6 Hz); ’F NMR (471 MHz,
CDCls) 6 -70.8; HRMS (ESI) m/z calculated for C,7H4F30 [M + H]" 291.0991, found 291.0987.
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(8)-4-(1,1,1-Trifluoro-2-(1-methyl-1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)phenol (20)

It was prepared according to the general procedure and purified by a column chromatography on
silica gel using CH,Cl. Yield: 60% (24.4 mg) '"H NMR (500 MHz, CDCl3) & 7.57 (d, J = 8.6 Hz,
2H), 7.53 — 7.47 (m, 2H), 7.38 (d, /= 8.1 Hz, 1H), 7.35 — 7.29 (m, 4H), 7.27 (m, 1H), 7.25 - 7.20 (m,
1H), 7.05 — 6.98 (m, 1H), 7.04 — 6.99 (m, 1H), 6.77 (d, J = 8.8 Hz, 2H), 3.82 (s, 3H); °C NMR (126
MHz, CDCls) 6 155.7, 137.4, 132.1, 130.6, 129.2, 128.8, 128.4, 127.7 (q, J = 2.4 Hz), 126.2, 125.8
(q, J=284.3 Hz), 122.7, 122.2, 121.3, 119.6, 115.1, 110.8, 109.5, 86.4, 51.2 (q, J = 29.5 Hz), 33.1;
YF NMR (471 MHz, CDCl;) & -70.5; HRMS (ESI) m/z calculated for CasH;7FsNO [M - HJ
404.1268, found 404.1275; HPLC: the ee value was determined by HPLC analysis (Chiralpak AD-H,
i-PrOH/hexane = 20/80, 1 mL/min, 243 nm), retention time: tminor = 4.707 min, tmajor= 6.463 min, ee =

5.1%.

o CF,

nBuyLi
CF; + =—=Ph ——
78 °C, THF HO Bh
HO HO

21

4

4-(1,1,1-Trifluoro-2-hydroxy-4-phenylbut-3-yn-2-yl)phenol (21)

To a solution of alkyne (2 mmol, 2.0 equiv) in anhydrous THF at -78 °C under N, was added "BuLi
(2 mmol, 0.8 mL, 2.5 M in hexane, 2.0 equiv) dropwise. The reaction was stirred at the same
temperature for 1 h. Then a solution of ketone (1 mmol, 1.0 equiv) in anhydrous THF (5 mL) was
added to the mixture dropwise. The reaction was kepted at -78°C for 15 min and then warmed up to
room temperature slowly overnight. Upon completion, the mixture was quenched by a saturated
aqueous NH4Cl solution. The organic layer was extracted with ethyl acetate and the combined
organic layers were washed with saturated aqueous NaCl solution, dried over anhydrous MgSQy,
filtered and removed under vacuum. The residue was purified by a column chromatography on silica
gel using ethyl acetate/petroleum ether as eluent to give the desired product 21 (70% yield). 'H NMR

(500 MHz, CDCl3) & 7.69 (d, J = 8.6 Hz, 2H), 7.54 — 7.51 (m, 2H), 7.43 — 7.33 (m, 3H), 6.88 (d, J =
S40



8.8 Hz, 2H), 5.66 (brs, 1H), 3.50 (brs, 1H); *C NMR (126 MHz, CDCl3) & 156.6, 132.2, 129.7,
129.1, 128.7, 127.8, 123.6 (q, J = 285.5 Hz), 121.1, 115.4, 88.3, 84.6, 73.4 (q, J = 32.6 Hz); HRMS
(ESI) m/z calculated for Ci¢H;oF30, [M - H] 291.0638, found 291.0645.
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HPLC spectra for ee determination

90.0

T 15%1ml #1141 [manually integrated]

20181110 W 48 2 He i g EXT240NM W\/L:240 nm

75.0

62.5

a

o

o
1

37.54

Absorbance [mAU]

25.0

12.5]

CFs __Ph
=

0"
HO N
H

4a

i1-13.740

0.04
'10'05. - - - - - - - 4
0.0 25 75 10.0 125 15.0 175 20.0 21.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.740 78.782 49.04 n.a.
2 16.177 81.864 50.96 n.a.
Total: 160.646 100.00
S5t 7 15%1ml #112 [manually integrated] 20181110 M| 4 28 P EXT227NM WWVL:227 nm
] 12 - 16.100
500 CF\‘3§/Ph
400
5
£ 300
E 200+
g
100
04
-100_| T v v T T v T v T v T v v v v T T T T T T T T T m
0.0 25 50 75 10.0 125 15.0 175 20.0 225 241
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.790 25.534 3.71 n.a.
2 16.100 662.918 96.29 n.a.
Total: 688.452 100.00
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7 15%1ml #138 [manually integrated]

20181129 4- 11 5 JEHRL AL 1

350 EXT250NM WVL:250 nm
1 11-21613
3004
250
] 12 -27.903
=5 2004
<
£
% 150-:
§ 100
50
0 —
-SO:I T v T T T v T L T T T T ™
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 38.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 21.613 519.701 49.63 n.a.
2 27.903 527.413 50.37 n.a.
Total: 1047.114 100.00
R 7 15%1ml #139 [manually integrated] 20181129 4-H1 5158 Tt EXT266NM WVL:266 nm
12 - 27.653
40,0-. oM
: CF3//©/ ©
5 30.0- |O 74 O
< HO
£ ] N
8 ] 4b
% 200
3
10.0:
1 /\/’\/\\A_ﬁ\w 11 -21.400
0.04 . |
-5'0—.| T T T T T T ™1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 21.400 2.749 2.44 n.a.
2 27.653 109.940 97.56 n.a.
Total: 112.689 100.00
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7 15%1ml #117 [manually integrated]

20181110 15| Ik 4Me 4= 2, b

EXT235NM WVL:235 nm

300—_
i 11-13.283
250
1 Me
] CF§:: AiiIV 12-15.310
2004
| 1)
5 HO N
£ 150 H
g 4c
§ 100+
<
50-:
-50_I T v v T T v T v T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.8
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.283 286.196 48.99 n.a.
2 15.310 298.009 51.01 n.a.
Total: 584.204 100.00
it 7 15%1ml #143 [manually integrated)] 20190105 4-Me T= 1k 1| 4 EXT258NM WVL:258 nm
J 12 -17.240
70.0
60.04
50.04
2
% 40.0-
% 30.0-
2
20.04
10.04
0.0+
-10'0_| T T T T T T T T T 1
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 24.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 14.363 7.928 5.04 n.a.
2 17.240 149.396 94.96 n.a.
Total: 157.324 100.00
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7 15%1ml #118 [manually integrated] 20181110 M| 4C14E 2l

EXT247NM WVL:247 nm

3004
| 11-12.580
250-: CFy O cl
4 e
E 12 -15.577
200 O 4 O
]| HO N
§ 1 H
% 150 4d
g 1004
<
50
O-: —/\m/L/\ | :
-SO_I T v T v v T T T L T v v T T T n
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 12.580 278.634 49.94 n.a.
2 15.577 279.358 50.06 n.a.
Total: 557.993 100.00
(BB 7 15%1ml #120 [manually integrated] 20181110 I W 4C 14 2, B Pk EXT253NM WVL:253 nm
12 -15.583
87.5
] /©/C|
75.0 CF3/
1 R
o HO O ( O
2 N
% 50.0 H
§ 4d
‘g 37.51
< ]
25.0
12.5-3
) 11-12.620
0_0_: _/\J/\"/\/\/\—\_/\_/\_A : I
-10'0—:| T T T T T T T n
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 12.620 5.829 4.39 n.a.
2 15.593 127.027 95.61 n.a.
Total: 132.856 100.00
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12 -16.470

e 7 15%1ml #114 [manually integrated] 20181110 Ni5| M 4F 4 2, it EXT232NM WVL:232 nm
] i1-13.263
87.5
] F
: CFs/ O
75.0 = 12-16.123
: )
62.5 O
- ] HO N
E o] A
< 50.04 4e
g ]
8 1
S5 37.51
8 4
< ]
25.0
12-5_: J/\\_/\
0.0 I :
-10.0 L . — - — - - - —
0.0 25 5.0 7.5 10.0 125 15.0 175 20.0 20.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.263 98.168 49.43 n.a.
2 16.123 100.422 50.57 n.a.
Total: 198.589 100.00
e 7 15%1ml #133 [manually integrated] 20181129 T f'a-Flig| i UV_VIS_1 WVL:215 nm
1200

1 F
| CF3/©/
1000 4 e

= 800+ HO
s H
‘g : 4e
= 600—_
é 400
200:
| 11-13.69
04 /A C N N Il
-200—-I T T T T T 1
0.0 50 10.0 15.0 20.0 25.0 26.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.690 34.242 2.09 n.a.
2 16.470 1604.920 97.91 n.a.
Total: 1639.162 100.00
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7 15%1ml #128 [manually integrated]

20181128 [H] P 50 4%

EXT291NM WVL:281 nm

1600 4
1400

1200

oF, _ O
p—
OMe
1)
H

4f

1000

[o]

o

o
1

Absorbance [mAU]
(2]
o
o
1

200
T T

11-16.670

12-19.263

0.0 5.0 100

Time [min]

Integration Results

No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 16.670 1901.324 48.13 n.a.
2 19.263 2049.436 51.87 n.a.
Total: 3950.760 100.00
2000 - 3 15%1ml #129 [manually integrated] 20181128 [i] 5 Bk T4 EXT225NM WVL:225 nm
] 12 - 19,467
1750
] CFs //@
1500 e
] OMe
| OO
1250 HO N
2 ] H
£ ]
g 1000 : 4
% 7504
<]
500
250-5
1 11-16.943
0
-200_:I T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 271
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 16.943 133.471 3.85 n.a.
2 19.467 3329.168 96.15 n.a.
Total: 3462.639 100.00
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7 15%1ml #127 [manually integrated] 20181128 4 W1 5L AENG| R 425 {F AS

EXT303.2NM WWVL:303 nm

20.04
] i1 -19.667
o | MeQ 12-22213
-] CFs _ O
IO
2 100 HO N
£ ] H
49
g 5‘0-
<
o.o-_ .
-5.0-! — — — — T .
0.0 5.0 10.0 15.0 20.0 25.0 29.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 19.667 27.908 49.39 n.a.
2 22.213 28.595 50.61 n.a.
Total: 56.503 100.00
80.0 7 15%1ml #132 [manually integrated)] 20181129 4 HI GLAE TPk ] EXT291NM WVL:291 nm
] 12 - 26.003
70.0 MeO
60.0 CFs//®
50.0 - O 74 O
é 40.0 H
8 49
£ 30.04
2
20.04
10.04
11-23/080
0.0+ |
-10'0_| T T T T T T i
0.0 50 10.0 15.0 20.0 25.0 30.0 33.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 23.080 2.958 1.90 n.a.
2 26.093 153.050 98.10 n.a.
Total: 156.008 100.00
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5 3 Hr 20%-1ml #71 [manually integrated] *J% AS rac EXT258NM WYL-258 nm
1000 4 11-10,300
e
750_’ HO O /N O 12 -12.580
2 6257 H
% ] 4h
g 500
g 375-f
250%
1255
0_: NN W\ ]
-100_:I T T T T 1
0.0 5.0 10.0 15.0 20.0 5.2
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.300 717.035 49.76 n.a.
2 12.580 723.885 50.24 n.a.
Total: 1440.920 100.00
250 - T B 20%-1ml #72 [manually integrated] *7% AS gh EXT290NM WVL:280 nm
- 12 -12.797
L LJTTO
a 150 HO/‘/>N)
2 H
£
S 4h
g 100
2
504
] —/k/\A\ 11-10.457
0] =
-50—-I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.457 9.626 3.97 n.a.
2 12.797 233.079 96.03 n.a.
Total: 242.705 100.00
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260 7 15%1ml #147 [manually integrated] 20190105 3-ME T T | UV_VIS_1 WVL:215 nm
1 \1-20737
zooj 12 -23.503
_ CF3§ SS
150
EENORse
P H
2 1004
g 4i
2
< ]
504
o]
-50_-I T T T T d T v T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 20.737 348.887 49.03 n.a.
2 23.503 362.676 50.97 n.a.
Total: 711.563 100.00
70.04 7 15%1ml #148 [manually integrated)] 20190105 3-MEm; T 1] W UV_VIS_1 WVL:215 nm
60.0
CFg/C\S
50.0 W= N
12 -22.877
NeRs®
? 40.0 ”
E .
® 4i
g 30.0-
< 2004
10.0
0.0
-10'0_| T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 27.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 20.300 1.791 1.91 n.a.
2 22.877 92.179 98.09 n.a.
Total: 93.969 100.00
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1800 - 7 7 20%-1ml #51 [manually integrated] HSLAE R 2 ig rac EXT244NM WVL:244 nm
] 1-7.323
1500
] CFy _
I MeO =
12504
L0
—_ 1 HO N
< 1000 OMe H 12-10.333
< ]
P 4
g 750
- ]
2 ]
500-_
250{
0_: _/—‘———/\'/\"‘/‘¥ T
-200_-I T v T T T T T L
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.323 377.472 49.78 n.a.
2 10.333 380.820 50.22 n.a.
Total: 758.292 100.00
366 7 Hr 20%-1ml #60 [manually integrated] *HE AL S GH IG EXT220NM WVL:220 nm
: 12-10.190
700-
600+
5004
2
E. 400+ 4]
3
% 300+
2
2004
100 11-7.267
0+ T
-100_I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 16.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.267 25.886 8.48 n.a.
2 10.190 279.245 91.52 n.a.
Total: 305.131 100.00
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7 5%-1ml #150 [manually integrated]

AU B 2R 1G rac

UV_VIS_1 WVL:215 nm

3000+
2500-: CFs___ph 11-10.733
Me -
2000 O 4
] HO N 12 -16.003
= Me H
£ 1500
) 4k
g 1000 4
<
500{
o A~ ! 1
-SOO_I T v T T T v v T T T T L T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 239
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.733 964.219 49.75 n.a.
2 16.003 973.902 50.25 n.a.
Total: 1938.121 100.00
500 - ) 5%-1ml #154 [manually integrated] AUTAE A 2 1G gh EXT241NM WVL:241 nm
700 2-16.043
600+
5004
2
% 400
< 4K
S 3004
2
2004
1004
11-10.850
0 J\'\—\__,x
T T
-100_I T T T T T T T T 1
0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.2
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.850 19.031 4.76 n.a.
2 16.043 380.653 95.24 n.a.
Total: 399.684 100.00
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500 7 5%-1ml #162 [manually integrated] AU B LB racig EXT265NM WVL:265 nm
11-7.533
2000—. 12-8217
Me CF%:: Gl
B 1500 4 O Vi O
- _ Me H
€ 1000
8 1 4
2
< ]
500
0- T T
-SOO:I T T v T T T v T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.533 529.244 49.84 n.a.
2 8.217 532.691 50.16 n.a.
Total: 1061.935 100.00
Lea 7 5%-1ml #163 [manually integrated] CULHEE LB gh ig UV_VIS_2 WWVL:254 nm
6004 11-7.650
5004
= 400+
<
£
(0]
é 300
g 4
< 2004
1004
12 - 8.260
0+ T
-100_I T T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.50
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.550 138.246 96.35 n.a.
2 8.260 5.232 3.65 n.a.
Total: 143.478 100.00
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2500 "’FJ 1mi-3% #15 [manually integrated] “ L rag ig UV_VIS_1 WVL:215 nm
J 11-11.790
2000+ 2-13.400
4 Me CFSﬁ CeH1s '
1500 O 74 O
5 ] HO N
E, Me H
% 1000 4m
g ]
< ]
500
o g’
-SOO:I T T v T v T v T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 21.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 11.790 936.221 49.93 n.a.
2 13.400 938.747 50.07 n.a.
Total: 1874.968 100.00
VL 7 1mi-3% #21 [manually integrated)] *35 4t rac gh UV_VIS_1 WVL:215 nm
1200-: 1 -11.460
1000—.
= 800
<
£
o ]
g 600—_
< 400
200:
J 12 -13.030
0“_ /Vk\ l T T
-200_-I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 11.460 574.595 95.62 n.a.
2 13.030 26.346 4.38 n.a.
Total: 600.941 100.00
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P 7 7 20%-1ml #53 [manually integrated] *PELLEY ad rac UV_VIS_1 WVL:215 nm
1400-: 11-7.700
: CF
1200_. Me 3¢ ¢ o 12-9.327
1000 HO O / O
= | N
% ] Me H
= 8001 4n
£ 600
<
400+
200{
0] 1
-200_-I v T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 12.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.700 365.330 50.02 n.a.
2 9.327 365.062 49.98 n.a.
Total: 730.392 100.00
oh 3 Hr 20%-1ml #54 [manually integrated] *Hit i ad gh EXT220NM WWVL:220 nm
] 12-9317
500:
4001
5
< 300-
3
% 200
2
1004
‘\,/\\\\M 11-7697
0_
T
-100_I T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.697 8.953 4.39 n.a.
2 9.317 195.187 95.61 n.a.
Total: 204.140 100.00
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P 3 15%-1ml #46 [manually integrated] M A5, rac EXT226NM WVL:226 nm
1 11-15.730
1500-:
] CF,
1250-_ Me cl 12 -19.807
% 1000 HO O / O
§ ] Me
§ 750 40
- ]
2 ]
500-_
250{
0-: \____J‘-’\’_\‘—/\‘ ] Il
-200_.I T v T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 15.730 1396.735 49.81 n.a.
2 19.807 1407.295 50.19 n.a.
Total: 2804.030 100.00
2700 - 1 15%-1ml #47 [manually integrated] "B gh EXT225NM WVL:225 nm
4 11-15.707
600 -
5004
= 400+
<
£
(0]
% 300
< 2004
1004
12 -19.847
0- - ~— N T 1 T
-100_I T T T T T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 24.9
Time [min]
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 15.707 500.964 93.11 n.a.
2 19.847 37.084 6.89 n.a.
Total: 538.048 100.00
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7 5%-1ml #166 [manually integrated]

*TBS#HL rac od

UV_VIS_2 WVL:254 nm

6004
J 11 -12.657
5004
CF 12 -14.100
100 " s __~TBS
2 HO O 4 O
< i N
% 300 Me H
2 4p
§ 200
<
1004
0+ T T
-100_I T T v v T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area | Amount
min mAU*min % n.a.
1 12.657 244 .239 49.94 n.a.
2 14.100 244 830 50.06 n.a.
Total: 489.069 100.00
e 7 5%-1ml #165 [manually integrated) *TBS#H: gh od UV_VIS_2 WWV/L:254 nm
i |1 -12.580
700
600+
5004
2
£ 4001
% 300
2
2004
1004
12 -14.453
0+ r T
-100_I T T T T T T T T J
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 12.580 355.461 96.57 n.a.
2 14.453 12.629 3.43 n.a.
Total: 368.091 100.00
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7 10%-1ml #38 [manually integrated]

AD 2Ph cf3 1% xx

EXT225NM WVL:225 nm

T00+4
1 11 -20.4860
600 -
500 Ph
CF; 12 -24.230
= 400+ O 74 O
t HO N
© H
§ 300~ 6a
§ 2004
1004
04 AN | Fl
-100_I v T T T v T T v 1
0.0 5.0 10.0 15.0 20.0 25.0 29.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 20.460 421.820 49.43 n.a.
2 24.230 431.583 50.57 n.a.
Total: 853.403 100.00
G5 7 10%-1ml #39 [manually integrated] AD 2Ph cf3 1L gh EXT227NM WYL-227 nm
11 - 20,480
87.5
] Ph
: .\\\\CFS
75.0—_
| 1)
B 6251 HO ”
2 1 6a
% 50,0-_
% 37.5-5
< ]
25.0
12.5-5
_j}\/w 12 -24.720
0.0 — L T
-10'0—.| T T T T ™1
0.0 50 10.0 15.0 20.0 25.0 30.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 20.460 63.696 96.59 n.a.
2 24.720 2.247 3.41 n.a.
Total: 65.943 100.00
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2600 7 20%-1ml #313 [manually integrated) 4-OMe - 7 Kelig| LR ADT FE EXT247NM WVL:247 nm
1?505 |1-9.973
] OMe
1500: 12-11.657
1250—:
5 ] CF3
£
§ 1000 O 74 O
§ 7504 6b H
<]
500
250—5
O_f 1 - —
-200_:I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 9.973 811.399 49.57 n.a.
2 11.657 825.485 50.43 n.a.
Total: 1636.884 100.00
SHiL 7 20%-1ml #314 [manually integrated) 4-OMe 75 Kelig|RAD T EXT230NM WVL:230 nm
1?50_5 11-8.960
1500—3
1250—:
5 ]
% 1000
% 750-5
<]
500
250-3
) 12 -10.687
0] !
-200—:I T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 147
Time [min]
Integration Results
No. Peak Name Retention Time Height Relative Area Amount
min mAU % n.a.
1 8.960 1748.946 95.59 n.a.
2 10.687 86.571 4.41 n.a.
Total: 1835.517 100.00
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3500 - 7 1590.3ml #3 [manually integrated] AD 4-Me - 7 HEM[ I XX UV_VIS_1 WVL:215 nm
3000 1 -36.757
Me
] 12 -39.157
2500 O
= 2000 CF;
] IO
% 1500 HO N
g ] 6¢c H
< 1000
500{
04 Y, W /\ |
-SOO:I T v T T v T T T d T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 44.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 36.757 3557.996 49.40 n.a.
2 39.157 3644.874 50.60 n.a.
Total: 7202.870 100.00
3000 - 7 15%0.3ml #5 [manually integrated] AD 4-Me 7 HEM[ I SX UV_VIS_1 WVL:215 nm
] 11-36.220
2500+
2000-:
=) |
< 1500
‘é‘ 4
S 1000 ]
2 |
500
| /\\\\\_ 12-38.910
o] —
-SOO:I T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 400 424
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 36.220 3268.815 95.14 n.a.
2 38.910 166.839 4.86 n.a.
Total: 3435.654 100.00
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F 7 15%0.8ml #1 [manually integrated] 4-Cl 7 AL UV_VIS_1 WVL:215 nm
400: 11-10.977
12-12.277
300
2
£ |
[0
§ 200 4
g 4
g o
100
0
-50_I T T v v T v T v T T T T T T T v 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 20.8
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.977 164.824 48.79 n.a.
2 12.277 172.996 51.21 n.a.
Total: 337.820 100.00
i 7 159:0.8ml #4 [manually integrated] 4-Cl 5 KWk S X UV_VIS_1 WVL:215 nm
] \1-10.847
1000-
800-
5
T 600
3
% 400
2
200:
: 12-12.213
0
-200—-I T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 10.847 419.180 95.50 n.a.
2 12.213 19.764 4.50 n.a.
Total: 438.944 100.00
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2500 - 7 15%1ml #164 [manually integrated] 20190618 3-OMe - 35 JEM|IE: AD xx UV_VIS_1 WVL:215 nm
1 11-11.907
2000
OMe
Ili: 12-13.640
1500
3 ] CF;
£
g 10004 O / O
§ | HO N
3 H
2 ] 6e
500
o : ! T
-500:| = - — - : : T n
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 171
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 11.907 915.139 49.93 n.a.
2 13.640 917.875 50.07 n.a.
Total: 1833.014 100.00
1400 - 7 15%1ml #168 [manually integrated] 20190618 3-OMe - 5 JEH|IR: AD sx EXT232NM WVL:232 nm
i 11-11.793
1200
1000—-
= 800
<
£
. ]
2 600
g 4
o
8
<< 400
200:
1 N 12 -13.543
Oj T T
-200_-I T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.2
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 11.793 578.687 95.48 n.a.
2 13.543 27.396 4.52 n.a.
Total: 606.083 100.00
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180

7 10%-1ml #36 [manually integrated]

AD 2Ph cf3 2me xx

EXT224NM WVL:224 nm

150
125

100

~
(&
PRI R

Absorbance [mAU]

(42
o
P I

Ph
Me CF;
(7
Me H
6f

i

1 1-13.273

12 -14.363
1

0
-25{
-40_-I T T v T v T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.273 76.886 49.62 n.a.
2 14.363 78.078 50.38 n.a.
Total: 154.965 100.00
(G 7 10%-1ml #37 [manually integrated] AD 2Ph cf3 2me gh UV_VIS_1 WWVL:215 nm
11-13.397
8754
] Ph
750 Me CFs
| O
625 HO N
= ] Me H
<
E 500 6f
% 375-5
<]
250
125-5
. [\ 1 12 -14.537
0'- f I
-100—-I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.6
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 13.397 401.569 98.24 n.a.
2 14.537 7.192 1.76 n.a.
Total: 408.761 100.00
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7 20%-1ml #98 [manually integrated]

20181226 5-MeO/l| Wi i

EXT224NM WVL:224 nm

\1-7867

12 -9.620
2
E
2
-200! . . , — ———— ; ]
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.867 424.934 49.75 n.a.
2 9.620 429.137 50.25 n.a.
Total: 854.071 100.00
S0 7 20%-1ml #100 [manually integrated] 20181226 5-OMe /|l T- UV_VIS_1 WVL:215 nm
: 12 - 10.577
175
150—3
125—:
5 ]
% 100—_ 7a
< ]
50
25-3
] w
0+ T —
-20—-I T T T T T T 1
0.0 2.0 6.0 8.0 10.0 12.0 14.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 8.703 1.948 2.33 n.a.
2 10.577 81.678 97.67 n.a.
Total: 83.626 100.00
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7 10%1ml #42 [manually integrated]

20181229 5-Mellj[ I AD i jiE

140 - EXT224.2NM WVL:224 nm
150 1 11-25693
] CFs __ph 12-27.683
i - Me
1004 O /
1 HO N
= 80 H
£ ] 7b
% 60
2 4]
20—-
0: '7/\
-20_-I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 38.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 25.693 113.412 49.31 n.a.
2 27.683 116.578 50.69 n.a.
Total: 229.990 100.00
4555 7 10%1ml #43 [manually integrated] 20181229 5-Mel| i AD T+ UV_VIS_1 WVL:215 nm
40.04
TFa_—ph
] \ Me 12 -27.330
30.0 O 74 O
2 H
£ |
@ 7b
é 20.04
é o
10.0
0.04 \——J
-5'0—| T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 32.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 25.420 1.237 4.88 n.a.
2 27.323 24.090 95.12 n.a.
Total: 25.327 100.00
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Jia, 7 20%-1ml #104 [manually integrated] 20181226 511 10 374 i EXT227NM WVL:227 nm
4 11-56.520
1500-:
1250-:
= ] F
% 1000+ ¢ ° ——Ph | 12-8687
fo) T
§ 7504
g | Ho N
2 ] H
< 4
500+ 7c
250{
0-: T ! —T
-200:| T T T T LI T T T —rr r r 1 T T M
0.00 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.25 1210
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5.520 324.727 49.80 n.a.
2 8.687 327.276 50.20 n.a.
Total: 652.003 100.00
668 7 20%-1ml #106 [manually integrated] 20181226 5-1| g - EXT254NM WVL:254 nm
] 11-5.477
a?.s-:
] CFs __pnh
75.0 — |
62 5: O 4 O
2 0ol "
= 50.0-
§ ] 7c
8 1
g 37.5]
Qo
< 1
25.0
12.5
0.0-: 1 | 12-8657
: L
-10.0! - = — : - - . ; m
0.0 2.0 4.0 6.0 8.0 10.0 12.0 140 151
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5477 34.035 97.56 n.a.
2 8.657 0.850 2.44 n.a.
Total: 34.885 100.00

S167




7 20%-1ml #92 [manually integrated]

20181225 5-Brili| Wi jie

UV_VIS_1 WVL:215 nm

2500+
11-5813
2000 CF3§ Ph
Br 12 -7.003
| a0
1500 HO N
5 . H
< 7d
‘;‘ ]
% 1000—_
< ]
500
0- M\—,\ | I |
-SOO:I T v T v T v T T T ¥ T T T L T v T L T —
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.59
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5.813 458.454 49.99 n.a.
2 7.003 458.582 50.01 n.a.
Total: 917.036 100.00
oy 7 20%-1ml #102 [manually integrated] 20181226 5-Brig| W =1 EXT236NM WVL:236 nm
1 1 1-5623
700
CF
600 _.‘\\sﬁ/Ph
Br
500 O / O
- HO N
2 H
E. 400+ 7d
3
% 300+
2
2004
1004
12 -6.840
04 #Jg___/—-—%\_‘__
-100_I T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.11
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5.623 157.889 97.68 n.a.
2 6.840 3.752 2.32 n.a.
Total: 161.641 100.00
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560+ 7 20%-1ml #119 [manually integrated) 20181227 5-CNI| Wiy JiE UV_VIS_1 WVL:215 nm
] 1 1-4.850
1000—-
1 12 -5.557
] CFs___pn
800 - CN
.| LI
o)
£ 600 ”
§ ] 7e
8 ]
S 400+
el 4
<
200-
0- ' ™
-200:| — — - - — ; - : : —
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 8.68
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 4.850 184.602 49.86 n.a.
2 5.557 185.611 50.14 n.a.
Total: 370.213 100.00
e 7 20%-1ml #124 [manually integrated] 20181227 5-CNIg| I Tk EXT247NM WVL:247 nm
i \1-4.800
400 4
] CFs __pp
/
300+ ' CN
2 HO O ( O
< N
E H
3
g 2004 7e
o
8
<
100
12 - 5.500
0 1 ~T
-50—I T T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.28
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 4.800 185.441 96.40 n.a.
2 5.500 6.921 3.60 n.a.
Total: 192.362 100.00
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7 20%-1ml #88 [manually integrated]

20181225 6-Melkj| i1 fiie

UV_VIS_1 WVL:215 nm

i1-8810

— 12-12.317
2
E
2
1
-200 1 — , — — — - . =
0.0 2.0 6.0 8.0 10.0 12.0 14.0 16.0 18.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 8.610 451.942 49.59 n.a.
2 12.317 459.405 50.41 n.a.
Total: 911.347 100.00
566 7 20%-1ml #101 [manually integrated] 20181226 6-Mellj| I Tk UV_VIS_1 WVL:215 nm
4 12 - 11.800
7504
625 CF?ﬁ/Ph
s
% 500 HO N Me
o H
g 3754 7f
3
2504
1254
o A iew l
-100-I T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.8
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 8.347 8.559 2.09 n.a.
2 11.900 400.564 97.91 n.a.
Total: 409.123 100.00
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4550 3 20%-1ml #107 [manually integrated) 20181227 6-Briiy| i UV_VIS_1 WVL:215 nm
11 -6.303
CF
4000+ 3; Ph
)
] HO N Br 12-8170
3000 H 7g
5
<
E |
[0
§ 2000 4
g o
1000
04 1 | |
-SOO_I T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.8
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.303 1027.966 49.62 n.a.
2 8.170 1043.722 50.38 n.a.
Total: 2071.687 100.00
£ 7 20%-1ml #128 [manually integrated] 20181227 6-Brilj| Ut Tk UV_VIS_1 WVL:215 nm
12 -8167
o
|
_ 3004 HO N Br
2 H
£
3 s
8 2004
2 |
2
100:
1 11-6.293
0+ I
-50—-I T T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.60
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.293 5.082 2.50 n.a.
2 8.167 197.806 97.50 n.a.
Total: 202.888 100.00
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o 7 10%1ml #39 [manually integrated] 20181225 6F W[4 1B i i UV_VIS_1 WVL:215 nm
1200 CFs __pn
1 e
1000 /‘/ﬁ (1-12.267
N 12 -13.317
5 800
<
£
- ]
2 600
g 4
2
el
< 400+
200
0: _— 0 0~J
-200_-I v T T T T T v T T T 1
0.0 25 5.0 75 10.0 12,5 15.0 17.5 20.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 12.287 405.362 49.26 n.a.
2 13.317 417.541 50.74 n.a.
Total: 822.903 100.00
(b 7 10%1ml #41 [manually integrated] 20181225 6F I 1B T-f4 EXT256NM WVL:218 nm
] CF3
140 - m;/ 12-13.153
120 HO O O
100
—_ 1 7h
2
< 4
E 80+
3 ]
s ]
5 604
2 ]
< 4
40
20
] 11-1R.190
0- 7 :
-20-I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 12.190 2.681 3.45 n.a.
2 13.153 75.079 96.55 n.a.
Total: 77.760 100.00
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Jia 3 20%-1ml #134 [manually integrated) 20190612 2-Phij| AD HxX EXT237NM WVL:237 nm
] 1-6670
1400
1 CF3/ Ph
] - 12-7.737
1200 O I O
1] HO Ph N
B 1000 7i
2
<
E. 800+
[0
2
K]
S 600
2
<
400
200
0: T I T
-200_.I T T T T T T n
0.0 2.0 40 6.0 8.0 10.0 12.0 13.1
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.670 359.581 49.84 n.a.
2 7.737 361.928 50.16 n.a.
Total: 721.509 100.00
A 7 20%-1ml #136 [manually integrated) 20190612 2-Phiij| I £rsX EXT237NM WVL:237 nm
] 11-6.660
250
TFa_—Pn
200 O I O
HO Ph™ ~N
=) ] . H
£ 150 7i
= |
2
3 |
S 100+
2 |
<
50
| 12-7.757
04 1 T |
-SO:I T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.07
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.660 66.229 96.16 n.a.
2 7.757 2.644 3.84 n.a.
Total: 68.872 100.00
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e 7 0.5%1mL #13 [manually integrated] [-2Me #: Z Bt OD xx EXT280NM WVL:280 nm
1 12-8233
750
CFs____ph 11-6.927
625 =
Me
/ N
2 500 MeO ZNpn
£
[ 4
3 3754
3
el
<
250
125
04
-100_| T T T LI LA A I LI L L LU
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.02
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.927 366.917 47.48 n.a.
2 8.233 405.908 52.52 n.a.
Total: 772.825 100.00
T 7 0.5%1mL #15 [manually integrated] [-2Me #: £ HeiknE oD EXT279NM WVL:279 nm
12 -8.480
500
400~
. MeO
2
£ 300-
3
3
S 200
el
<
100
11-7.360
04 T T
-100_I T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00  10.85
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.360 7.121 3.46 n.a.
2 8.460 198.494 96.54 n.a.
Total: 205.616 100.00
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4000 - ﬁ 10%-1ml #51 [manually integrated] *CF2Cl rac ig EXT265NM WVL:265 nm
3500 \1-6537 CF.CL pn
] —
3000 O V; O
1 Ho N
2500 H
= ] 11a
<
£E. 20001
3
& 1 12-15.713
5 1500
< ]
1000—_
500%
04 — !
-SOO:I T T T T L
0.0 5.0 10.0 15.0 20.0 254
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.537 1128.852 49.58 n.a.
2 15.713 1148.016 50.42 n.a.
Total: 2276.868 100.00
i 7 10%-1ml #52 [manually integrated] *CF2Cl gh ig UV_VIS_2 WVL:254 nm
] 12 - 15933
1000-
| e
- O
— N
2 H
E, 600+ 11a
3
% 400
2
| 11-6.623
2004
0_- I, S : | :
-200_-I T T T T T T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 23.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 6.623 63.351 7.93 n.a.
2 15.933 735.133 92.07 n.a.
Total: 798.484 100.00
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3600 "ﬁ 10%-1m| #46 [manually integrated] *C2F5ig rac EXT256NM WVL:256 nm
] 1 1-7.397
2500
2000
% 1500 11b
g 12-13.913
§ 1000 -
<
500E
0_: 1 - 1
-500] - - — — ; T T — —T ]
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.397 780.637 49.99 n.a.
2 13.913 780.893 50.01 n.a.
Total: 1561.530 100.00
700 "ﬁ 10%-1ml #47 [manually integrated] *C2F5ig gh EXT256NM WVL:256 nm
6004 12 - 13.857
OMe
500 Cz!:_s;/@/
O 4
=5 4004 HO O
<
E N
(0]
2 300
8 11b
2
< 2004
1004
11-7.460
04 1 . | :
-100_I T T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.2
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 7.460 16.358 4.44 n.a.
2 13.857 352.246 95.56 n.a.
Total: 368.604 100.00
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7 10%-1ml #65 [manually integrated]

c3f7 15| 4 igrac

UV_VIS_2 WVL:254 nm

3000—_
i 11 -56603
2500
2000
=) ]
£ 1500
8 1 12 - 8.480
§ 1000
2 ]
500{
O_j | | | l
-50041 , — ; ; . . . -.
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.6
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5.603 525.001 50.11 n.a.
2 8.480 522.746 49.89 n.a.
Total: 1047.746 100.00
L 7 10%-1ml #66 [manually integrated] c3f7 lig] I iggh EXT253NM WVL:253 nm
4 |2 - 8487
1500-:
1 C3F7//®/0Me
1250 N
1 o O 7
=) ]
é 1000 H
§ 1 11¢c
g 750—_
2
500-_
250
] \1-5.647
04 —/~A~R“_LZX1~4‘_ 1
-200_.I T T T T T T T T 1
0.0 2.0 6.0 8.0 10.0 12.0 14.0 16.0 18.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 5.647 24.501 3.50 n.a.
2 8.487 676.027 96.50 n.a.
Total: 700.528 100.00
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5660 < 7 5%-1mi #20 [manually integrated)] it liE-hy2-19-0d* EXT270NM WVL:270 nm
] 11-9.997
2500
CF3 Ph 12-11.873
2000
o 1)
=) ]
£ 1500 H
8 12
§ 1000
2 ]
500E
0{ T T
-SOO_I T v T v T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 9.997 930.889 49.24 n.a.
2 11.873 959.503 50.76 n.a.
Total: 1890.392 100.00
SHiL 7 5%-1mi #24 [manually integrated] A i-hy2-23-0d* UV_VIS_1 WVL:215 nm
] 11-9.737
] CF,/—Ph
1?5o: ‘\3/_
1500-; O // O
1 N
1250 H
5 ] 12
<
% 1000-_
% 7504
<]
500
250-3
) 12 - 11.590
OE N— f T
-200—:I T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 12.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 9.737 633.937 96.68 n.a.
2 11.590 21.793 3.32 n.a.
Total: 655.730 100.00
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2200 7 5%-1mi #13 [manually integrated)] Xx-0l-12-ig* UV_VIS_1 WVL:215 nm
2000 \1-8870
1750—:
] CF3 Ph 12-10.333
B /
1500 -
2 0 1)
2 12501 O
£ Ph N
8 1000 H
8 ] 13
o
§ 750 ]
sooé
2505
O_f ’I&,h_/\-\_/\//\ 1 T | T
-200_:I T v T T T v T v T T L T T T v T T L T T ™
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 11.86
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 8.870 563.779 49.94 n.a.
2 10.333 565.087 50.06 n.a.
Total: 1128.867 100.00
L 7 5%-1mi #18 [manually integrated] gx-ol-17-ig* UV_VIS_1 WVL:215 nm
1 CF 12 - 10.400
15004 ““\3§/Ph
1250 O 74 O
~ 1 Ph N
2 1000 H
% ] 13
§ 750
- ]
g ]
500-_
250{
I\—_—/NJ\\A 11-8.923
0{ — T
-200—.I T T T T T T T T T 1
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 11.97
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 8.923 19.510 3.42 n.a.
2 10.400 551.122 96.58 n.a.
Total: 570.632 100.00
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2000 7 20%-1ml #251 [manually integrated) < #-N-H! BE-AD UV_VIS_1 WVL:215 nm
1 12 - 6.527
1760 CF3/ Ph |1-4.757
/
1500
)
- 1250 HO N
E Me
E‘ 1000 - 20
g 750 4
2
500+
250
04 | | :
-200—I - - - - - - - - =
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.07
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 4.757 519.650 49.98 n.a.
2 6.527 520.012 50.02 n.a.
Total: 1039.663 100.00
200+ 7 20%-1mi #253 [manually integrated) “-N-tP IE-AD gh EXT243NM WVL:243 nm
12 -6.483
600 \1-4.707
500, CFs___Ph
5 400 O 74 O
<
% HO N
§ 300 Me
£ 20
< 200
100
0 L T !
-100-I T T T T T T T T T T T T T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.21
Time [min]
Integration Results
No. Peak Name Retention Time Area Relative Area Amount
min mAU*min % n.a.
1 4.707 166.529 47.45 n.a.
2 6.463 184.445 52.55 n.a.
Total: 350.974 100.00
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